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ABS TRACT 
Movement s  and activity behavior of 2 9  rad io-col lared 
black bears ( Ursus arnericanus ) were mon i tored between Ju ly 
1 9 7 6  and December 1 9 7 7  in the Great Smoky Mountains National 
Park . Many bears exhibited horne range s with abrupt seasonal 
change s , e spec i a l ly between summer and fa l l .  The timing and 
extent of thes e  range shi fts were influenced by sex , age 
and food ava i l ab i l ity . During good mas t  years , the fall 
ranges o f  many males overlapped con s iderably in an area of 
abundant oaks , whi le dur ing poor mas t  years , social 
intolerance may force many subordinate ma les outside the 
Park boundari e s  in search of food . Fall movements increased 
the s i z e of annual horne ranges above previous ly reported 
e s t imates based s tric tly on s ummer data . Mean annual range 
s i z e  was 4 2  krn2 for adu l t  ma les and 1 5  krn2 for adul t  females . 
Bears were genera l ly more ac tive in the summer , but trave led 
greater di s tances in a day during the fall . Thi s  was 
attr ibutab le to extended noc turnal act ivity in the fa l l  
probably as soc iated with increa sed foraging i n  preparation 
for denning . A s tri ctly crepuscular pattern wa s obs erved 
in the spring . Females wi th cubs were equal ly active 
throughout the year and were more act ive than any other 
sex-age group . Temperatures above 2 5  C or be low free z ing , 
i i i  
and precipitation in the form o f  rain or snow apparently 
depre s s  the leve l of activity . 
iv 
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CHAPTER I 
I NTRODUCTI ON 
With the aid of radio-telemetry , recent s tudies have 
be gun to focus more intens e ly on the habits of cryptic 
natured spec i e s  such as the b lack bear (Beeman 1 9 7 5 , Ams trup 
and Beechum 1 9 7 6 , Lindzey and Mes low 1 9 7 6 , 1 9 7 7 , Alt 1 9 7 7 , 
Rogers 1 9 7 7 ) . Telemetry o f fe rs advantages over other widely 
used technique s ( capture-recapture , k i l l  record s , ob servation 
of na tural s ign , dye or radioisotope feces tagging , direct 
vis ual obs ervation ) in that ( 1 )  large amounts of data can be 
col lected over a relative ly short period of time , ( 2 )  
individual s can be po s i tively identified both day and night 
and ( 3 )  the me thod of col lecting the information does not 
a f fect the natural behavior of the anima l .  Mos t  re searchers 
pre s ently involved in movement s tudies of black bears cons ider 
telemetry equipment a neces sary prerequ i s i te . 
Many authors have reported seas onal shifts in range 
u t i l ization by black bears , presumab ly in r e sponse to food 
avai lab i l i ty .  Concentrations o f  soft mast ( Hatler 1 9 6 7 ,  
Piekielek and Burton 1 9 7 5 ) , hard mas t  ( Davenport 1 9 5 1 , 
Sauer et al . 1 9 6 9 , Beeman 1 9 7 5 , Rogers 1 9 7 7 ) , or arti fic ial 
food sources ( Rogers 1 9 7 7 )  may provide the s timulus for 
extens ive range expan s ion especial ly during the late summer 
and throughout the fa l l .  These range expans i on s  may be the 
1 
caus e for increas ed mortal ity from hunting and poaching in 
many areas (Eri ckson et al. 1 9 6 4 , Beeman and Pe l ton 1 9 7 7 ) . 
S i gn i f icant s ea sonal shi fts  in e levation were recogni z ed 
2 
by Hatler ( 1 9 6 7 )  , Jonkel and Cowan ( 1 9 7 1 )  and Arns trup and 
Beechurn ( 1 9 7 6 ) . Alti tudinal movements may occur concurrently 
with or in l i eu of linear ran ge expan s ion . Other patterns 
Q f  s eas onal horne range uti l i zation by b lack bears are 
d i s cu s sed by Lindzey and Mes low ( 1 9 7 7 )  and Alt et a l . ( 1 9 7 7 ) . 
Horne range s i z e for black bears ha s been dealt wi th in 
nume rous s tudie s . Unfortunate ly , the re sults are not 
directly comparable due to d i f ferences in me thodology . 
Erickson et al . ( 1 9 6 4 ) , Sauer et a l . ( 1 9 6 9 ) , Jonke l  and Cowan 
( 1 9 7 1 ) , Piekie lek and Burton ( 1 9 7 5 ) and Rogers ( 1 9 7 7 )  re ferred 
to horne range primar i ly on the bas i s  of the greate s t  linear 
d i s tance between 2 location s . Mos t  authors connect the 
oute rmo s t  points in the s catter o f  locations to enc lose what 
has been termed the minimum home range ( Mohr 1 9 4 7 ) . Thi s  
me thod was used by Poelker and Hartwe l l  ( 1 9 7 3 ) , Ri e f fenberge r  
( 1 9 7 4 ) , Arn s t rup and Beechum ( 1 9 7 6 ) , LeCount ( 1 9 7 7 ) , L indzey 
and Me s low ( 1 9 7 7 ) , Reynolds and Beechum ( 1 9 7 7 ) , and in the 
Great S moky Mountains by both Beeman ( 1 9 7 5 )  and Eubanks 
( 1 9 7 6 ) . The b ias e s  inherent in thi s  technique are discus sed 
by Hayne ( 1 9 4 9 ) , Davis ( 1 9 5 3 ) , S ti cke l ( 1 9 5 4 ) , Brown ( 1 9 5 6 )  
and Sanderson ( 1 9 6 9 ) . Especially prevalent ar guments against 
the min imum area method inc lude ( 1 )  the sub j ec tivity 
3 
invo lved in dec iding exactly whi ch points to connect ( th e  
restriction i s  o ften imposed that o n l y  those po ints are used 
which , when connected by l ine segments form a l l  convex 
angles ) ,  ( 2 ) the unde restimation o f  actual uti l i zed area 
by not a llowing for movement outs ide the obs e rved range and 
( 3 )  the lack o f  cons ide ration for the frequency with wh ich 
the animal ut i l i z e s  each point in its  range . 
I n  an e f fort to mee t  the s e  d i f ficultie s , several 
probab i l istic  model s  have been deve loped which meas ure home 
range in terms o f  an individual's total ut i l i zation d i s tribu­
tion ( Jennrich and Turner 1 9 6 9 , Van Wink le 1 9 7 5 ) in the 
hab itat rather than location o f  peripheral points . Con fidence 
l imi ts can be set to al low for a given leve l  o f  utili zation 
outs ide the observed range . By e liminating subj e ctivity and 
accounting for d i f ferences in the relative frequency 
d i s tribution o f  location points (as a result o f  d i f ference s 
in habi tat , samp l ing technique , etc . ) , home range s i z es 
derived by probab i l i s tic model s  can be compared from s tudy 
to s tudy more j us t i fiably than can e s timates deri ved by othe r 
more c las s ical techniques . Alt et al . ( 1 9 7 6 ) and Lindz ey 
et al . ( 1 9 7 6 ) used the probab i l is t ic mode l o f  Jennrich and 
Turner ( 1 9 6 9 )  to measure home range s i ze s  of Pennsylvania 
b lack bears . Other such models are compared by Van Winkle 
( 1 9 7 5 ) . 
Dai ly movement patterns have attracted s urpr i s ingly 
l i ttle attention compared to the intens ive studies o f  s easona l  
4 
and annual movements . Hee z en and Te s te r  ( 1 9 6 7 )  emphasi zed 
the need for short sampling intervals when observing short 
term ( daily or hourly ) movements , ye t pas t  s tudi es of black 
bears were usua l ly des i gned with sampl ing rates of only once 
or twice a day . Shorter sampling intervals were o ften 
di f ficult to achieve ( Beeman 1 9 7 5 ) , or s imply not practi ca l . 
Some recent s tudies , however , have me t with greate r succes s ,  
a l lowing continuous ( hourly ) tracking for up to 1 6  days at a 
t ime ( Rie f fenber ger 1 9 7 4 , Rogers 1 9 7 7 , Robert Hami l ton , 
University o f  Georgia , pers . cornrn . ) .  
Conflic ting patterns o f  act ivity behavior o f  black bears 
have been reported in the l i terature . D i f fe rences may be 
explained in part by habi tat , food s upply , t ime of year and 
method o f  obs ervation or interpretation . Direct obs ervat ions 
may be biased toward a few animals whi ch are eas i ly vi s ible . 
S uch was the cas e  in a s tudy o f  campground bears in Yel low­
s tone National Park by Barnes and Bray ( 1 9 6 7 ) . For thi s  
reason , mos t  s tudies o f  activity behavior o f  black bears have 
uti l ized some form of radio- telemetry with varyi ng degrees 
of s ucces s . Beeman ( 1 9 7 5 ) and Alt et a l . ( 1 9 7 6 ) used 
d i s tance between s equential radio- locations as an index to 
activity . Such movement data are hampered by the l imited 
accuracy of the direction- finding equipment . Mech et al . 
( 1 9 6 6 ) , for example , found that movemen ts o f  le s s  than 5 0 - 2 0 0  
feet could not be detected by even a sophi s ticated automatic 
tracking sys tem. Other drawbacks o f  th i s  techn ique inc lude 
the nece s s i ty for s imultaneous readings from 2 or more 
s tations to determine hourly activity , and its mi s l eading 
a s s umpt ion that a relatively s tationary animal is inac tive. 
5 
Cochran and Lord ( 1 9 6 3 )  devi sed a sys tem to detect 
movemen t  o f  a transmittered animal by audible changes in the 
s i gnal s trength and frequency . Thi s  allows act ivity 
monitoring f rom only 1 s tation and enhances recogni tion o f  
ext remely loca l i z e d  motion by the animal. Mos t  attempts 
to mon itor activity of black bears have there fore invol ved 
an adaptat ion of thi s  technique ( Poelker and Hartwe l l  1 9 7 3 , 
Arns trup and Beechum 1 9 7 6 , Lindzey and Me slow 1 9 7 6 , 1 9 7 7 ) . 
Us ing thi s  method in comb inat ion with location data and 
vi s ual obs ervations , Lindzey and Mes low ( 1 9 7 7 )  found a bias 
towards activity which was s ubs tantia l  enough to preclude 
an accurate eva l uation of the act ivity data . Rogers ( 1 9 7 7 )  
noted that activity could not be detected by modulation in 
s i gnal qual ity dur ing aer ial track ing . 
In order to overcome the di f ficulties inhe rent in the 
previous me thod s , var ious types o f  mot ion transducers have 
been incorporated into radio- tran smi tters ( Ko l z  et al . 1 9 7 3 ) . 
S uch devices have proven use ful i n  s tudies o f  blacktai l 
j ackrabbits ( Lepus cal i fornicus ) ( Knowlton et al . 1 9 6 8 ) , 
whi te tailed dee r  ( Odocoi leus virgin ianus ) ( Jackson e t  al. 
1 9 7 2 ) , Formosan monkeys ( Macaca cyclopi s )  ( Kawai and Mito 
1 9 7 3 ) ,  and mal lards (Anas p latyrhynchos ) ( Swanson et al . 
1 9 7 6 ) . Eubanks ( 1 9 7 6 ) found them to be ins trumental in 
s tudying black bear activity behavior in the Great Smoky 
Mountains Nationa l Park . 
6 
Thi s  s tudy was des i gned as an expans i on o f  work done by 
Beeman ( 1 9 7 5 )  and Eubanks ( 1 9 7 6 ) concerning the movement 
ecology and activity behavior of b lack bears in the Great 
Smoky Mountains National Park ( GSMNP or Park ) . Spec i fic 
ob j ec tive s included: 
1 .  Identification o f  patte rns invo lved in the utili za­
tion o f  the annual home ran ge . 
2 .  Determination o f  eco logical fac tors inf luencing 
home range dynamics . 
3 .  Interpretation o f  s i ze and shape o f  annua l  and 
s easonal range s . 
4 .  Quanti fication o f  diel movement parame ters . 
5 .  Evaluation o f  factors a f fecting activi ty behavior . 
CHAPTER I I  
S TUDY AREA 
The Great Smoky Mountains Nationa l Park comprises 
2 0 7 2 km2 of eastern Tennes see and we s tern Nor th Carolina . 
I t  i s  part of the Unaka Mountain Range in the southern 
divi s ion of the Appalach ian Highlands ( Fenneman 1 9 3 8 ) . The 
Park i s  divided into 4 eas i ly recogni zab le areas . A prominent 
ridge runs approximately northeast-southwe s t  de l ineating the 
Tenn e s see-North Carol ina boundary , and a transmountain road 
cuts perpendicular to the S tate l ine from Gat l inburg to 
Cherokee . Thi s  s tudy was conducted primarily in the re gion 
west of the transmountain road on the Tenne s s ee s i de , 
encompas s ing parts of Blount and S evier Counties ( Fi g .  1 ) . 
Mo st of the terrain in the s tudy area i s  mountainous 
and access ible only by foot trai l s . Elevations range from 
2 7 1  m at the j unction of Abrams Creek and the Little Tenne s s ee 
River to 2 0 2 5  m at Clingman's Dome . More than 90 percent of 
the surface area has a s lope of greater than 10 percent 
( Me s sage from the Pre s i dent 1 9 0 2 ) . 
The Great Smoky Mountains repre sent a high alt itude 
i s land with respect to soi l , vegetat ion and cl imate in the 
Southeast . With the exception of the Cade s Cove pasture land , 
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Fig .  1 .  S tudy area within the GSMNP . 
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Rams ey as sociation with mos t  mountain s l ope soi l s  in the 
Ramsey series and some lower s lope s o i l s  in the Je f ferson 
series . Thes e  s o i l s  are characteri zed by low wate r s torage 
capac ity , medium to high acidity and moderate natural 
fert i l i ty ( So i l  Survey 1 945 , 1 9 5 3 ) . They are derived f rom 
a parent rock o f  feldspathic sands tone , s i l tsone and 
conglomerate from the Ocoee series o f  the late Precambrian 
{King et al . 1 9 6 8 ) . 
9 
The ve getat ion in the Park i s  den s e  and highly diverse 
with con s i derable interspers ion o f  fore s t  type s . I t  
inc ludes over 1 3 0 0  species o f  flowering plants o f  whi ch 1 3 1  
represent nati ve tree s . Various botanical s tudies have 
identi fied 3 2  d i f ferent ferns , approximately 3 5 0  mos s e s  
a n d  l iverworts , 2 3 0  l i chens and over 2 0 0 0 spec ies o f  fungi 
( King and S tupka 1 9 5 0 , S tupka 1 9 6 0 ) . Maj or fore s t  types have 
been categori zed by Cain ( 1 9 3 5 ) , Shanks ( 1 9 54a ) , Whittaker 
{ 1 9 5 6 )  and Go lden ( 1 9 74 ) . A comparison of the se types i s  
shown in Tabl e  A- 1 i n  the Appendi x .  S inge r  e t  al . ( 1 9 7 8 )  
descr ibed 1 0  ve getationa l as sociations for the upper e leva­
tions of the central part of thi s  s tudy area , with cove 
hardwoods and hemlock hardwoods dominating . Much o f  the 
unde r story in thi s area is over 7 5  percent rhododenron 
( Rhododendron maxima ) and mountain l aure l ( Ka lmi a lati fo l i a ) . 
The c limate in the Great Smoky Mountains varies 
con s i derably with e levation . Us ing the sys tem o f  Thornthwaite 
1 0  
( 1 948 ) , mos t  area s  can b e  catego r i z ed a s  me s othermal per­
humid (warm-temperate rain forest ) .  Average annual 
temperature ranges from about 14 C at lower e levat ions ( be low 
45 0m} to only 8 C at h i gher elevations (above 1 9 0 0  m) , with 
monthly means usually reaching a high in July and a low in 
February . Precipitation average s about 140 em a year at l ow 
elevations to we l l  over 2 0 0  em at the highe s t  elevations . 
Maximum p recipitation usua l ly occurs in July whi l e  the 
minimum i s  in S eptember or October . Precipitation exceeds 
evapotranspiration for all s easons except in rare drought 
years ( Climato graphy of the U . S .  1 9 7 2 , Shanks 1 9 54b , 
Tanner 1 9 6 3 ) .  
CHAPTER I I I  
METHODS AND MATERIALS 
Bears were captured in Aldrich , sprin g-activated , foot 
snar e s  and immobi l i zed wi th intramuscular in j ec tions o f  
M- 9 9  ( E torphine ) o r  S ernylan ( Phencyc l idine hydrochloride ) .  
The trapping procedure s  used are de scr ibed in deta i l  by 
Eubanks ( 1 9 7 6 ) and Eagar ( 1 9 7 7 ) . From June 1 9 6 7 - September 
1 9 7 7  1 1 2  captures were made on trap lines in 6 d i f ferent 
s ections of the s tudy area . Twenty- four selected individuals , 
with at lea s t  1 repre s entative from each o f  the 6 sections , 
were instrumented wi th radio-co l lars in the f requency range 
o f  1 5 0 . 8 - 1 5 1 . 2  (Wildl i fe Material s ,  I nc . , Carbondale , I l l . ) .  
Five other individuals instrumented in 1 9 7 5  for a previous 
te lemetry s tudy had transmitters which were s t i l l  funct ioning 
at the beginning of thi s s tudy . F i g . 2 depicts the capture 
locations for the s e  bears as we l l  as a compos ite of their 
respective home range s .  Further information concerning 
s e x , age , reproductive s tatus , capture locat ion , period 
o f  t ime tracked and trans mi tter frequency i s  pres ented in 
Table A-2 in the Appendi x . The focus o f  thi s  pro j ect was 
in the central part o f  the s tudy area in the watersheds 
of the Wes t  Prong of the Little River and Laure l Creek 
( F i g . 3 ) ,  where 2 previous teleme try s tudies were conducted 
1 1  
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Fig. 3 .  Map o f  centra l  portion o f  s tudy area within the GSMNP . 
( Beeman 1 9 7 5 , Eubanks 1 9 7 6 ) . Mos t  o f  the radio-tracki ng 
data were col lected from 5 ,  8 -e lement ma st antennas that 
14 
were erected along Bote Mountain , the ridge separating thes e  
2 watersheds .  Two othe r ma s t  antennas were erected on 
De feat Ridge for bears cross ing over into the watershed o f  
the Thunderhead Pron g ,  and 1 o n  Spence Field for bears moving 
into North Caro l ina . Thes e  mas t  antennas exhibi ted superior 
accuracy in direction finding over 3 and 4 e lement , hand 
held antennas which were used exclus ively in other areas o f  
the Park . By orienting a f i xed compa s s -rose at the base 
of the mas t ,  a tracking s tation was e s tabl i s hed that could 
be eas i ly operated both day and n i ght . Walkie- talkies were 
used to commun icate between s tations to obtain approximate ly 
s imul taneous hourly readings for per iods o f  up to 4 8  hr . 
As many as 1 5  animals have been monitored f rom any 1 s tation 
during the course of an hourly tracking sequence . During 
mos t  of the s tudy , however , lack of manpowe r and di spers ion 
of the bears prevented the extens ive use of continuous 
t racking from fixed s tation s . An attempt was made to 
locate al l bears at least once a week and bears from the 
Bote Mountain region at lea s t  twice a week . Locations were 
e s tabl i shed by the inte rsection of at leas t 2 bearings f rom 
wide ly separated points . I n  mos t  cas e s  3 -4 bearings were 
taken to minimi z e  the amount of e rror . Locations were 
plotted on U . S .  Geological Survey 7 . 5  min quadrangles 
1 5  
a s  c i rc les drawn around the polygon formed by the intersect ion 
of a l l  bearings . Those readings which deviated cons iderably 
from the location e s tab l i shed by the others were exc luded . 
S uch readings may have been caused by re fract ion o f  the radi o  
s i gnal in t h e  mountainous te rrain ,  poor reception due to 
inter fe rence , or movement by the anima l . Because the tracking 
procedure invo lved moving from 1 point to another by foot , 
this las t fac tor was o f ten a cons iderable inf luence ; 
none the le s s , mo st intersec tion po lygons could be inscribed 
by a c ircle wi th a diameter representing 3 0 0  m or le s s .  
Hee zen and Tes ter ( 1 9 6 7 )  cons idered error polygons with a 
length o f  240 m acceptabl e  wi th an automat ic tracking sys tem . 
Locations obtained by aeria l  tracking were l e s s  accurate but 
we re neces sary in view of the fact that some animals were 
extreme ly d i f f icult to locate from the ground . Aerial 
searches were conduc ted approximately once a month when the 
Tenne s s ee Wildl i fe Re sources Agency p i lot and ai rcraft were 
avai lab le and weather condi t ions permitted . 
The den s i ty o f  the ve getation proh ibited ver i f ication 
of radio- locations by direct observation . Only 2 
individua l s  with function ing transmitters were obs e rved in 
a nondenn ing s i tuat ion dur ing the course of this s tudy . 
However , " dummy " transmitters at known po ints helped te s t  
the accuracy o f  the equipment and the technique . The s e  
dummy transmi tters were also u s e d  occas iona l ly t o  p inpoint 
1 6  
the pos i tion o f  the observer on an un fami l iar r idge by us ing 
a back-azimuth . 
Al l location data were coded to the neares t  1 0 0  m o f  
the Universal Transverse Mercator Gri d  System and recorded 
on computer cards . Annual and s easona l home ranges were 
then calculated u s ing the Fortran IV program de scr ibed by 
Koeppl et al . ( 1 9 7 5 ) . As s uming that an animal uti l i ze s  
each point in i ts habitat with a frequency that can be 
exp re s sed by a bivariate normal d i s tribution , this method 
de fine s  a home range as the area of the sma l le s t  re gion 
which can account for a given percentage o f  thi s  uti l i zation . 
However ,  s ince the uti l i zation d i s tr ibution i s  a func tion o f  
time, the bias involved b y  varying the time interva l  between 
s equential locations from 1 hr to greater than a week had 
to be minimi zed. Using diel movement data , i t  was determined 
that a lthough a bear i s  capable of moving f rom any g iven 
po int in i t s  s easonal range to any other point in the cours e  
o f  a day, mos t  animals re stricted the i r  movements t o  a 
sma l ler s ubsection o f  thi s  range by moving in a z i g- zag or 
c ircular path ( th i s  s tudy p .  6 7  and Beeman 1 9 7 5 ) . Using 
thi s  information and the calculated average rate o f  trave l , 
i t  was determined that a bear could usually move between 
any 2 points in its  dai l y  range in a period o f  about 6 hr . 
( Annual average daily range length divided by annua l  mean 
active hourly rate o f  trave l equa l s  6 . 5  hr . )  There fore , 
locations taken 6 or more hours apart were cons idered to 
represent a fai r  samp l ing of a bear's uti l i zation of i t s  
habi tat . Locations recorded le s s  than 6 h r  apart (46 0  
1 7  
o f  the 1 6 6 0  total locations recorded in th i s  s tudy ) were 
d i s re garded in the ana ly s i s  of e l l iptica l  con fidence areas . 
The areas o f  the c onvex po lygons e s tabl i shed by 
connec t ing the outermo s t  location points for each seas ona l 
and annual range were also calculated . Us ing the se polygons , 
measurements were determined for range length , as  de fined 
by the greate s t  distance between any 2 points , and range 
width , defined as the greate s t  d i s tance perpendicular to 
the axis used for length . Al so , us ing the re s pec tive s e t  
o f  con fidence e l l ipse areas as a comparative , a con fidence 
val ue could be expre s sed for the area of each po ly gon . 
Range confidence values were a l s o  ass e s s ed by determining 
percentage tracking succe s s . Tracking succe s s  was meas ured 
as the amount of time a bear was known or a s s umed to be 
wi thi n  the borders of its plotted ran ge as compared to the 
total t ime interval covered in the occupat ion of that 
range . A bear was a s s umed to be within its  home range 
whenever a radio- locat ion was obtained ( since radio- locations 
were the only means of de lineating the range ) or whenever 
the 1 or more bear ings taken on an animal were directed into 
the area of the known range even though they did not result 
in a usable radio- locat ion . A bear was not ass umed to be 
1 8  
within its  horne range i f  its  s i gnal could not b e  received 
from the usual track ing pos i tions s urrounding its range , or 
i f  the 1 or more bearings taken on the anima l  indicated that 
it had taken a brie f excursion or sal ly out s ide what were 
cons idered to be the range boundar i e s  ( Burt 1 943 ) . Only 1 
such excur s i on , lasting 3 - 6  day s , occurred in this s tudy . 
Annual ranges were divided into seasonal range s by 
tracing the movement of activity centers ( Hayne 1 94 9 )  
calcul ated for overlapping 3 0  day period s  beginning every 
1 5  days . Where a s i gn i fi cant d i s tance s eparated 2 clusterings 
of activi ty centers , a seasonal divis ion was inferred . Horne 
range s were then catego r i z ed by magni tude o f  seasonal 
s eparation . To determine the factors influencing thi s  
s eparation , samp ling transects were directed a long 
the longitudinal axi s o f  various seas onal range s . Trees 
were s ampled eve ry 1 0 0  rn us ing a pri sm-angle gauge . Seasonal 
shi fts in e levation were determined by obs e rving changes in 
the elevation o f  seas onal activi ty center s . 
Diel movements were analyzed with respect to daily 
range length (maximum dis tance between radio- locations in a 
24 hr period ) and its  re lationship to s easonal range l ength , 
mean and maximum hourly rates o f  trave l (means ca lculated 
for per iods of 12 or more continuous hours ) ,  mean and 
maximum tota l daily movement ( s umming di stances between 
s uc c e s s ive hourly locations ) ,  ave rage net movement in a 24 
1 9  
h r  period ( d i s tance between beginning and end point ) and 
c ircuity o f  the trave l route . Ci rcuity was calculated by 
dividing net movement over a pe riod o f  1 2  or more hours by 
the total d i s tance trave led in that period . A va lue o f  1 
indicates s tra i ght l ine movement whi l e  a value o f  0 ind i cates 
that the anima l  has returned to the original location . 
Re latively s tationary anima l s  were deleted from the analys i s  
o f  c i rcuity . 
Diel movements were also used to he lp determine daily 
activity pattern s . However ,  as d i s cussed in the Introduction , 
there are s everal drawbacks to thi s  technique . For thi s  
reason , mot ion sensi t ive radio-transmitters were used on 
2 6  o f  the 2 9  co l lared bears in thi s  s tudy . The se s pecial ized 
transmi tters have 2 transmi s s ion modes , 1 s low pul s ing 
and 1 fas t puls ing . A sma l l  mercury swi tch act ivates 1 
o f  the 2 modes depending on the s patial pos i t ion o f  the 
co l lar . I f  a bear i s  active , the transmitte d  s i gnal will 
c hange repeatedly from a s low to a fas t  pulse . I f  the 
animal is shifting position or moving its head, the signal 
may a l s o  change pulse rate 1 or more t imes during the 
l i s tening period . To d i s t inguis h  thi s  type o f  motion from 
true body activity ( e . g . , trave l in g , foraging ,  c l imbing ) , 
a cuto ff po int was e s tabl i s hed by observing radio-collared 
bears recovering from an immobi l i z ing drug ( e s pe c ially 
during the s l ow recovery from Phencyc l idine hydroch loride ) 
2 0  
whi l e  l i s tening t o  the response o f  the transmitted signal . 
I f  the pulse rate changed at lea s t  2 t ime s during each minute 
ove r  a period o f  3 or more minutes , or at least 4 t imes 
during any 1 min period , the anima l  was con s idered to be 
active . I f  changes in pulse rate occurred but were le s s  
frequent , the bear was assumed to b e  inactive and a note 
was made of the p robable head movement . 
An activity reading and weathe r conditions were 
recorded each t ime a bear was radio-tracked . Over 5 0 0 0  
readings we re cataloged and put on computer cards . Activity 
was coded e i ther 1 (active ) or 0 ( inactive ) . Temperature 
was grouped in 3 C increments , c loud cover divided into 
cla s s e s  of 2 0  percent and precipitation categori zed as rain , 
dr i z z le or snow . Precipitati on within the previous 24 hr 
was also recorded . The e f fects o f  weather , time o f  year , 
t ime o f  day , s e x ,  age and presence o f  cubs on the activity 
behavior we re analyzed us ing a l ea s t  squares analys i s  o f  
var iance procedure . The validity o f  the s i gn i ficance tests 
as soc iated with th is procedure when the dependent var i able 
is  coded s imp ly as a " succe s s " or " failure " (1  or  0 )  is  
s upported by Harvey ( 1 9 64 )  and Li ( 1 9 64 ) . 
Aside from this analys i s  in Chapter V ,  the t-te s t  was 
used to determine stat i s t i ca l  s i gni f icance in a l l  comparisons 
except where speci fically noted otherwi s e . 
CHAPTER I V  
RES ULTS AND D I SCUSS I ON : MOVEMENT ECOLOGY 
Horne Range Dynami c s  
Many bears in thi s  s tudy displayed horne range s with 
d i stinct seasonal changes . The s e  change s were inferred 
from the movement of activity centers as des c r ibed in the 
previous chapte r .  In order to fac i l i tate compar isons 
of bears in d i fferent parts of the park , o f  d i f ferent sex 
and age group s , and in d i f ferent years , annual horne ranges 
we re categori zed by thei r  magn itude of s easona l changes . 
Bears exhibited horne ranges whi ch were divided into the 
fol lowing categories : 
Type I :  Random movement o f  3 0  day activity cente r s  
throughout the range with no evidence o f  sea s ona l c lusterings 
( F i g .  4 ) . 
Type I I : Continuous directional movement o f  activity 
c ente rs through the range with no evidence o f  s eas onal 
c lu s terings ( F i g . 5). 
Type I I I : Separation o f  2 d i s t inct clusters o f  
activity centers occurring sometime i n  the fa l l  ( po s tbreedin g ) . 
a . An activity cen ter s h i f t  occurs wi thout a de f in i te 
shi ft in the range boundary . The over lap area o f  
the 2 s easonal ranges ( convex polygons ) contains 
at lea s t  50 percent o f  each range ( Fi g . 6 ) .  
2 1  
30 DAY ACTI V I TY C E N T E R BEGI N NI N G: 
e T HE FI R S T  OF THE M O N TH 
0 T HE 16th OF T HE MO N T H  
0 D E N  S I T E  
D I S TA N C E  B E T W E E N  
U.T. M .  G R I D T I C S= 2 K M  
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Fi g .  4. Movement o f  activi ty centers in a type I home 
range ( bear FS ) . 
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Fig. 5 .  Movement o f  activity centers in a type I I  home 
range ( bear 8 9 ) . 
30 D AY ACT I VI T Y  CE N T E R  BEGI N N I N G: 
e T HE FI R S T  OF THE M O N TH 
o THE 16th OF THE M O N TH 
0 D EN S I T E  
24 
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Fi g .  6 .  Movement o f  act ivity centers and range boundary 
shi fts in a type I I I-a/type I V  home range ( bear A2 8 ) . 
b .  There i s  a de finite shi ft in the range boundary . 
The 2 s easonal ranges may s l i ghtly over lap (area 
2 5  
o f  ove rlap l e s s  than 5 0  pe rcent o f  at lea s t  1 o f  the 
ranges )  ( Fi g . 7 )  or not over lap at a l l . I f  there 
is no apparent overlap of range polygon s , the anima l  
i s  nonethel e s s  suspected o f  being fami l iar with the 
intervening s pace ( 9 5  percent con fidence e l lipses 
over lap ) . 
c .  Completely d i s tinct fal l  range connected to spr ing/ 
s ummer range by only a corridor of very brie f trave l . 
There i s  an area between the 2 ranges which i s  
uti li zed by the an imal le s s  than 5 percent o f  the 
t ime ( 9 5  percent con fidence e l l ipses do not overlap ) 
( F i g . 8 )  • 
Type I V : Separation o f  2 di s tinct c l us te r s  o f  activity 
centers occurring some time other than in the fal l  ( Fi gs . 6 
and 8 )  . 
Shi fts o f  activity centers and range boundary shi fts are 
d i s tinguished from d i s persal movements by the animal ' s  
return to a " home " area for denning . Table A- 3 in the 
Appendix l i s t s  each bear and the respective categor ization 
of its home range . Of the 1 1  observed annual home ranges ,  
2 7  percent ( 3 )  exhibited a distinct spring- summer range 
s eparation ( type IV ) , and of the 2 9  ran ge s obs erved for at 
lea s t  hal f  a year , 7 9  percent ( 2 3 )  exhibite d  a d i s t inct 
s umme r- fall range separat ion ( type I I I-b or I I I-c ) . One 
30 D AY A CTIV ITY C E N T E R  B E GIN NI N G: 2 6  
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F i g .  7. Movement o f  act ivi ty centers and range boundary 
shi fts in a type I I I-b horne range ( bear A9 ) . 
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female (D2 ) entered the central s tudy area ( We s t  Prong 
watershed ) in late Augu s t  from an outlying area whe re she 
had been trapped during 3 s eparate summers from 1 9 7 3  to 1 9 7 6 . 
S ince she returned to her spring/summer range to den , th i s  
movement repre s ented a f a l l  range shi ft ( type I I I-c ) . 
However , thi s  particul ar individual was no teworthy because 
upon e s tabl i shing a fa l l  range in an area which co incided 
with the summer range s of r e s ident bears , she made a 
s econdary fall range shi ft ( type I I I-b )  . Thi s  secondary 
s h i ft matched the fa l l  shifts of res ident female bears 
a s  far as d irection o f  trave l , time o f  year ( mid-October ) 
and di splacement d i s tance o f  the activity center . Another 
female from the s ame outlying area ( D l 6 ) wa s trapped the 
next summer ( 1 9 7 7 )  and also located in the central s tudy 
area in late Augus t. Unfortunate ly , a premature failure 
of the radio-col lar (or  poaching ) prec luded fur ther 
observation of th is anima l . 
S imi larities in range dynamic s  we re a l so noted among 
bears from other sections of the s tudy area . Of the 4 
bears trapped with in the drainage o f  the Middle Prong of 
the Little River ( near Tremont ) ,  2 adult females (BlO  and 
8 9 ) had type I I  home ranges ( Fi g .  5, page 2 3 )  with cons tant 
counterclockwise movement of the activity center beginning 
some time during the breeding season . Thes e  were the only 2 
anima l s  in th i s  s tudy wi th such ranges ( Table A- 3 in the 
Appendix ) .  One adult mal e  from this area ( B l 2 ) showed a 
s imi lar pattern unti l the beginning o f  November when h i s  
range shi fted enough t o  b e  categori z ed a s  a type I I I-c . 
2 9  
One yearling bear from this area (BlB)  did not exhibit 
direct ional movements o f  the activity c ente r l ike the other 
3 bears , but did make a d i s t inc t ( type I I I-c ) fal l  shi ft 
into an area uti l i zed by her mother ( 8 9 )  during the fall 
o f  the previous year when the 2 were together . In fact , 
the maximum d i s tance between the November activi ty centers 
for these 4 bears was only 2 . 5  km; the se bears were c lo s er 
to each other than to any other radio-collared bear . Thi s  
i s  s urpri s ing s ince bear s from other areas occupied fal l 
range s in the immediate proximi ty . 
Bears from the area o f  Bote Mountain also demons trated 
cons i s tency in the fal l  range shi ft . Thi s  was particularly 
true for male s . During the fal l o f  1 9 7 6  and 1 9 7 7 , all  
res ident s ubadult and adult ma les from the Bote Mountain 
area with radio-col lars e s tabl i s hed a fal l range in a 
relative ly sma l l  area on the eas t s l ope of S cott Mountain 
in the Laurel Creek Watershed . One s ubadult ma le from 
another part of the Park as we l l  as 1 adult male without 
a radio-col lar were also obs erved in this area . Beeman 
( 1 9 7 5 )  found 3 males in thi s  same area in the fal l  of 1 9 7 3  
and 1 ma le was located there in the fa l l  o f  1 9 7 5  (Al 
Kinlaw ,  Unive r s i ty o f  Tenne s s ee pers . comm . ) .  To date , 
only 1 radio- col lared female has been located in thi s area 
( p. 6 4 ) .  
3 0  
S imi lar movemen t patterns among bears o f  a particular 
s ection o f  the s tudy area may be explained by characteris tics  
o f  the hab i tat and learning . A bear may s imp ly move in 
re s ponse to pheno logical deve lopment o f  the surround ing 
area (Ams trup and Beechum 1 9 7 6 ) . Bears from the s ame 
section o f  the s tudy area re s pond to the s ame hab i tat changes 
and the refore exhibit s imi lar movement patterns . However ,  
in view o f  the magni tude o f  many o f  the fall movements , 
it i s  unl ike ly that a l l  movement patterns deve lop in thi s  
manner . As previous ly mentioned , 1 yearling female ( Bl 8 ) 
e s tabli shed a fal l range in the exact area she ut i l i zed the 
year be fore when she was with her mother ( 8 9 ) . Ro gers ( 1 9 7 7 )  
a l s o  noted s imi l ar movement patterns for members o f  a given 
fami ly year a fter year . I f  bears o f  a particular watershed 
are a l l  c lo s e ly re lated , as sugge s ted by Manl ove et al . 
( 1 9 7 7 ) for bears in the GSMNP and Rogers ( 1 9 7 7 ) in a s tudy 
o f  black bears in northeas tern Minnesota , then the s imi lar 
movement patterns exhib ited by thes e  bears may merely be a 
function o f  in format ion passed a long from 1 generation to 
the next during the year or more that a fema le is trave l ing 
with her of fsprin g . S uch movement pattern s  may be mod i f ied 
by year to year difference s  in food availab i l ity , populat ion 
dens ity , social s tructure and behavioral characte r i s ti c s  
o f  particular individuals or sex-age groups . Tabl e  1 ,  
3 1 
Tabl e  1 .  Sex , age , regional and year to year inf luence s  on 
seasonal range shi fts o f  b lack bears in the GSMNP . 
Values represen t  the percentage o f  bears having 
the type o f  range indicated . 
Category o f  
c ompar i son 
Females 
Ma les 
d i f ference 
Adults 
S ubadult/y r l . 
d i f ference 
Bote Mt . area 
Other area s  
d i f ference 
1 9 7 6  
1 9 7 7  
di fference 
1 9 7 6  + 1 9 7 7  
1 9 7 3 a 
d i f ference 
I 
( n )  or III-a 
( 1 9 )  2 1  
( 1 1 ) 0 
n s  
( 2 0 )  2 0  
( 1 0 ) 0 
ns 
( 2 0) 1 0  
( 1 0 ) 2 0  
n s  
( 1 0 ) 0 
( 2 0 ) 2 0  
( 3 0 )  
( 8 )  
n s  
1 3  
? 
I I  
1 1  
0 
ns 
1 0  
0 
n s  
0 
2 0  
* 
1 0  
5 





3 7  
6 4  
n s  
5 0  
4 0  
ns 
6 5  
1 0  
* 
5 0  
4 5  
n s  
4 7  
? 
I I I - c  
3 2  
3 6  
n s  
2 0  
6 0  
* 
2 5  
5 0  
n s  
4 0  
3 0  
n s  
3 3  
7 5  
* 
I I I-b or I II-c 
6 8  
1 0 0  
* 
7 0  
1 0 0  
n s  
9 0  
6 0  
ns 
9 0  
7 5  
n s  
8 0  
? 




te s t ,  p < 0 . 0 5 .  
de rived from Table A- 3 in the Appendi x ,  high l i ghts the 
a f fects o f  some o f  the se influences in thi s  s tudy . The 
s eemingly inherent tendency for young male bears to trave l 
more widely in the fal l  ( i . e . , type I I I-c range shi fts ) 
than animals o f  any other sex-age group may have led to 
the di sparity between male and female movement patterns 
3 2  
in the Bote Mountain are a , a situation which could not have 
occurred i f  yearling mal e s  merely retraced the fal l  movements 
of the ir mothers . 
S ex , age , regiona l and s oc ia l  facto rs were a l s o  evident 
in the timing of fal l range shi fts ( F i g .  9 and Table A-4 in 
the Appendix ) .  Al l Bote Mountain area bears with type I I I-b 
or I I I-c home ranges e stabl i shed the i r  fal l ranges in 
September or October , whi l e  in other areas o f  the Park fal l 
movements were noted in August and November .  Thi s may be 
e xplained by di fference s in habitat within the Park ( pp . 3 6 -
3 8 ) . Ma les , in general , initiated range shi fts earlier than 
females with two-thi rds o f  the males and only one-third o f  
the females having left the ir s umme r range s b y  the end o f  
September . Mal e s  also stayed in the i r  fal l ranges later 
in the year . Only 1 mal e  left the fa l l  range before 
1 5  Dec , whi l e  th i s  was obs erved for 1 0  of the 1 2  females . 
Yearl ing bears o f  both sexes returned to the i r  respective 
spring/summer ranges earlier than o lder bears o f  the s ame 
sex . This behavior al lows thes e  inexperienced bears more time 
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D FEMALE BEAR 
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Fig . 9 .  Timing o f  the fal l  range shift , empha s i z ing the 
early arrival and late departure of mal e s  from the fa l l  range , 
early return o f  year l ing bears to the spring/s ummer ran ge and 
the short durati on o f  occupancy o f  the fal l range by adult 
female # 6 3  ( d i s cus sed on p .  6 4 ) .  Re gional inf luences on the 
t iming of the f a l l  range s h i ft are a l s o  evident . 
3 4  
to locate an acceptab l e  den . Such a trend would b e  strongly 
favored evolutionar i ly . Soc ial factors are imp l i c ated in the 
e arly return o f  adult female 6 3  ( p .  6 4 ) . 
Of  4 bears obse rved in distinct fall ranges during both 
years o f  this study ( A9 , A2 9 ,  A3 0 ,  Cl 4 ) ,  3 l e ft the ir summer 
ran ges during the same week in both 1 9 7 6  and 1 9 7 7 . Only 1 
o f  thes e  4 bears was observed returning to its spring/summer 
range during both years ( 2  o f  the othe r 3 were k i l led and 
one's transmi tter ceased functioning ) ,  and again the movement 
occurred during the same week in both 1 9 7 6  and 1 9 7 7 .  However ,  
the fal l  range establ i shed wa s not cons istent from year to 
year . In 1 case (A3 0 ) ,  the activity center o f  the fa ll range 
in 1 9 7 6  was a lmos t  2 5  km from the activity cente r of the 1 9 7 7  
fa l l  range . I n  another instance , a bear ( A2 8 )  made a 
considerable fal l  shi ft in 1 9 7 6  ( categori zed as a type I I I-c 
al though it could not be located in 5 aerial searches unti l 
i t  returned to den ) and virtua lly little movement the next 
( type I I I -a ) . Such year to year d i f ferences in individual 
movement patterns may be inf luenced by such factors as s ocial  
pre s s ures and s e xual deve lopment . The presence or absence 
of a fami ly group did not a f fect the movements o f  females 
in this study , nor did i t  a f fect the late summer excur s i ons 
of the bears studied by Roge rs ( 1 9 7 7 )  in Minnes ota . 
More drastic year to year changes are probably due to 
food availabil ity . Beeman ( 1 9 7 5 ) noted 6 o f  8 back-country 
bears and 1 o f  3 panhandler bears mak ing extens i ve fa l l  
movements ( in fac t they could not b e  locate d )  in 1 9 7 3  when 
the acorn crop wa s rated fair ( Wildli fe Re search Report 
1 9 7 7- 7 8 ) . Bears made les s extens ive movements ( type I I I -b 
instead o f  type I I I-c , Table 1 ,  p .  3 1 )  in 1 9 7 6  and 1 9 7 7  
3 5  
when the aco rn s , e spec i a l ly i n  the red oak group , were much 
more abundant . Of 2 individua l s  common to both s tudie s ,  
1 adu lt female ( A4 4  = Y 5 2 ) and 1 adult male (A2 6 = R2 6 ) , 
the female exhibi ted much more extens ive fall movement 
in 1 9 7 3 , whi le the range shi fts for the ma le were not 
appreciably d i f ferent between the 2 s tudie s .  Another 
female tracked by Beeman ( Y7 0 ) was a l so be l i eved to make 
extens ive movements out o f  the central s tudy area , yet 1 
o f  her cubs which was tracked in thi s  s tudy (A4 3 ) , was 
con s i s tently found within the mother ' s  1 9 7 3  summer home range 
throughout the fa l l  o f  1 9 7 7 . Th i s  s i tuation may have been 
con founded , however , by the death of the fema le in the early 
part of September 1 9 7 7 , leaving the col lared cub and i t s  
2 s ibl ings t o  forage without maternal guidance . 
The fall  movement patterns were not s i gn i f icantly 
d i f ferent between the 2 years of thi s  s tudy ( Table 1 ,  p .  3 1 ) , 
a l though there appeared to be a tendency , on both an 
individual and group b a s i s , for bears to trave l furthe r in 
1 9 7 6 . Thi s  aga in likely re flects acorn production which 
was rated higher in 1 9 7 7  ( Wi ldli fe Re search Report 1 9 7 7 - 7 8 ) .  
3 6  
The above results indi cate that food abundance i s  
a n  important factor initiating and regulating s easonal range 
shifts  o f  b lack bear s in the GSMNP . Re sults o f  the vegeta­
tional samp l ing carr ied out in thi s s tudy s trongly support 
thi s conj ecture . Me asuring abundance by b a s a l  area , 
percentage compos i tion and percentage frequency , i t  was 
determined that fall  range s had s i gni ficantly more oak s o f  
a l l  sampled species than d i d  spring/summer range s ( Fi g . 1 0 ) . 
Beeman and P e l ton ( 1 9 7 7 )  found acorns to be the s taple food 
i tem of b lack bears in the GSMNP during the late fa l l  
( 1 6 Oct- Dec ) . Thi s  fits we l l  with S trick l and ' s  ( 1 9 7 2 ) 
find ings that peak produc tion for acorns in Ea s t  Tennes see 
occur s during the middle part o f  October , wi th acorn fal l  
beginning near the end o f  Augus t  and ceas ing a t  the end o f  
November . Thi s  pattern a l so corresponds wi th the timing 
of f a l l  range shifts shown in F i g . 9 ,  p .  3 3 .  In the 
early fal l  ( 1  Sep- 1 5  Oct )  b l ack cherries are the mos t  
important food i tem i n  the diet ( Beeman and Pe lton 1 9 7 7 ) . 
Cherry tree s ( Prunus serotina and P .  pennsy lvanica ) were 
s i gn i f icantly more abundant in spring/s umme r range s as 
shown in Fig . 1 0 . A pre ference for cherries may have been 
repon s ible for holding bears in the i r  s ummer range unt i l  
fina l ly compe l led to move when the cherries became scarce 
in October . Th i s  may account for the abruptnes s  of the fa l l  
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Fig . 1 0 . Compar i son of oak and che rry abundance in 
spring/summer and fal l  home ranges in 1 9 7 6 and 1 9 7 7 .  To tal 
ba s a l  area for all tree spec ies avera ged 1 0 0  ft2 /acre . 
B a s a l  area was there fore equa l in va lue to perc entage 
compos ition for e ach observed spec i e s . Al l compari sons 
were s i gni ficantly d i f ferent ( p  < 0 . 0 5 ) . 
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abundant should , according to thi s  notion , begin fa ll 
movements earl i e r  in the year ; some evidence exi sts to s upport 
thi s . Bears D 2 , D l 6 , and C l 4  occupied s ummer range s in areas 
where cherries ( e spe c i a l ly b l ack cherry ) are l e s s  abundant 
than in the centra l s tudy a rea . Thes e  bears were obs e rved 
to leave the i r  s ummer ranges comparative ly early ( Tab le A- 4 
in the Appendi x ) . Thi s  i s  not to s ay that cherrie s , by 
thems e lves , regulate the timing o f  the fal l range shi ft , 
but rather that the avai labil ity o f  both s o ft and hard 
ma st may s ub s tantial ly a f fect the timing from year to year 
in any given area of the Park . 
The fact that most ma le bears in itiate fa l l  range shifts 
earlier than females is probably not due to a food scarc ity 
in the mal e  s ummer ranges ( s ince mal e  s ummer range s over­
l apped thos e  of fema le s ) ,  but rather to the s evere competition 
among bears that apparently exi sts for prime oak areas . As 
previous ly mentioned ( p . 2 9 ) ,  many of the fall ranges o f  
males were clustered i n  an area which was virtually devoid 
of females . Al l oak species except che s tnut oak ( Quercus 
prinus ) were more abundant in the ma le ranges ( Fi g . 1 1 )  
and dominant (heavier ) males had a proportionate ly greater 
abundance o f  the s e  species than did s ubordinate ma les 
( Fi g .  12 ) . The se factors indicate a pre ference for fall 
range s with abundant white oak ( Q .  alba ) and red oaks ( Q .  
rubra , Q .  cocc inea , _  Q .  vel utina ) . Whi te oak appears to be 
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Fig . 1 1 . Compari son o f  oak abundance in male and female 
fa l l  range s in 1 9 7 6  and 1 9 7 7 . Tota l basal area for all tree 
species averaged 1 0 0  ft2 jacre . Basal area was there fore 
equa l in va lue to perc entage compos i t ion for each observed 
spec i e s . S tarred compari sons are s i gn i f icantly di fferent 
(p < 0 . 0 5 ) . 
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Fi g .  1 2 . The relationship between we i ght o f  ma l e  bears occupying h i ghly 
ove r lapp ing fal l  ranges , and the abundance o f  pre ferred oak in each range . 
Curve generated by re gres s ion ( r2 = 0 . 8 5 ,  p < 0 . 0 5 ) . � 0 
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the most preferred , as i t  i s  with many other wi ldli fe spec ies 
( Van Ders al 1 9 5 3 , Wi l d l i fe Habitat Management Handbook 1 9 7 1 ) . 
Three ma le fall ranges overlapped an area known as Whi teoak 
S i nk s  and each was located in the s ink area at least once . 
Females  apparently had to manage in l e s s  prime hab i tats 
during the fa l l , with individua l s  that were wi l l ing to s tray 
further from their summer range faring better than thos e  
that were not ( Fi g . 1 3 ) . Two females  that d i d  not exhibit 
a fal l  range shi ft were observed to have an adequate s upply 
of che stnut oak s in the i r  s ummer range , whi le the more 
preferred ma s t  producing spec ies were lack ing . 
Elevational shi fts o f  home ranges reflected the movement 
of bears into areas of abundant oak s ( low e levations ) .  
Fig . 1 4  depicts the e leva tiona l dec l ine of activity c enters 
from spring to summer to fall . Al l bears tracked with 
type I I I  or type IV home ranges exhibi ted thi s  trend 
( Table A- 5 in the Append i x )  . Males we re at a s i gni ficantly 
lower elevation than females  dur ing the fal l , again 
subs tantiating their occupancy of pr ime feeding areas , 
whi l e  there was l i ttle e levational d i f ference between the 
sexe s  during the spring and s ummer . Beeman ( 1 9 7 5 )  conc luded 
that no abrupt s easonal shi fts in e levation were evident 
for black bears in the GSMNP , however extens ive b locks o f  
mi s s in g  data during the fa l l  of h i s  s tudy may have precluded 
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F i g . 1 3 . The rel a t ionsh i p  b etween the disp l a c ement of the fall range for 6 
f emal e  b l ack bears from the Bo te Mount a i n  a r ea ,  and the ab undance of prefer r ed oak 
i n  each range .  Curve gen er ated by regression ( r 2 > 0 . 9 9 ,  p < 0 . 0 1 ) . 
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Fig . 1 4 . Overa l l  mean ( o ) , ± S D  and range o f  elevations 
of seasonal activity cente r s  for radio-co l l ared black bears 
from the Bote Mountain area in 1 9 7 6  and 1 9 7 7 . D i f ferences 
are s i gn i f i cant between seasons (p < 0 . 0 5 )  and between s exes 
( m ,  f )  during the fall  (p < 0 . 0 5 ) . 
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Horne Range S i z e  and Shape 
As discussed in Chapter I I I ,  2 techniques were used to 
de fine horne range si ze . A 9 5  percent confidence e l l ipse was 
used to a l low an equ i table comparison between bears in this 
study and other studies , as we l l  as among the bears within 
this study i tse l f .  Although the area obtained by this 
me thod is not believed to represent the actual area 
11 traversed by the individua l in i ts normal activities o f  
food gathe r in g , mat ing and caring for youn g "  ( de finition o f  
horne range , Burt 1 9 4 3 : 3 5 1 ) , i t  does represent a va lid index 
(which in order to avoid confusion , probably should be 
l e ft unitless )  free of the biases inherent in other 
techniques ( pp .  2 - 3 ) . Convex polygons were used primarily 
to de termine geo graphical horne range boundaries , horne range 
shape and range overlap , a lthough are a est imates were a lso 
computed .  These estimates were general ly equivalent to 
areas substantia l ly less than 9 5  percent confidence regions . 
Approximately hal f were greater than and ha l f  we re less 
than the 75 p ercent confidenc e level , a lthou gh tr acking 
success rate indicated a hi gher degree o f  con fidence for 
the area estima tes ( Table 2 ) . 
Tables 2 and 3 l ist the annual and se asona l  home range 
si zes for the an imals in thi s  study c a lculated by both 
techn iques . Annual area estimates for type I I I-c ranges 
were derived as the sum of the areas of the spr in g/summer 
Tab l e  2 .  
Bear 
no. ( y r )  
-
Females 
A9 ( 7 6 ) 
A9 ( 7 7 )  
A2 8 ( 7 6 ) 
A2 8 ( 7 7 )  
A2 9 ( 7 6 )  




B l O  
B l 8  
D2 
E7 
F S  
H l  
6 3  
6 4  
8 9  
s ubavg. 
( S D )  
Sol . cub 
A4 3 
S i z e  ( km2 ) and con fidence l imits o f  annua l  and seasonal home ranges o f  
b lack bears in the GSMNP . Ran ge s i ze i s  de f ined a s  the area o f  the convex 
polygon connecting the outermo s t  location s . Con f idence l imits for the s e  
polygons correspond t o  the percentage value f o r  a n  equal area con f idence 
e l l ipse ( %CE ) and to percentage track ing succ e s s  ( %  s )  . 
serinS[ ranS[e 
Area 
Spring/summer ran ge Fa l l  rang:e Annua l rang:e 
%CE %8 Area % CE % 8  
3 . 9  5 0 - 7 5  8 6  
- - - - - - - 5 . 1  7 5 - 9 0  9 9  
5 . 5  5 0 - 7 5  9 8  
0 . 8  5 0 - 7 5  1 0 0  4 . 1  7 5 - 9 0  1 0 0  
------- 1 . 9  7 5 - 9 0  9 9  
1 . 7  5 0 - 7 5  1 0 0  
- - - - - - -
- - - - - - -
- - - - - - - 0 . 4  9 0  1 0 0  
- - - - - - -
-- - ---- - - - - - --
4 . 1 5 0 - 7 5  1 0 0  
4 . 2 5 0 - 7 5  8 3  
6 . 5  5 0 - 7 5  8 0  
0 . 3  7 5  1 0 0  - - - - - - -
0 . 5  3 . 7  
- - ( 1 .  9 )  
Area %CE 
5 . 1  < 5 0  
2 . 8  7 5 - 9 0  
5 . 9  7 5 - 9 0  
1 1 . 8  7 5 - 9 0  
1 . 2  7 5  
3 . 5  7 5  
- - - - - - -
- - - - - - -
1 . 0  < 5 0  
2 . 8b 5 0 - 7 5  
- - - - - - -
- - - - - - -
3 . 8  5 0 - 7 5  
1 . 3  5 0 - 7 5  
- - - - - - -
3 . 9  
( 3 . 2 )  
1 . 3  5 0 - 7 5  
% 8  
8 8  
1 0 0  
9 6  
9 7} 
1 0 0  
9 9  
5 8  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
Area % CE % 8  
9 . 0  a 8 7  
7 . 8  7 5 - 9 0  1 0 0  
8 . 5  9 0  9 8  
1 5 . 8  9 0 - 9 5  9 4  
3 . 6  9 0  1 0 0  
5 . 9  7 5 - 9 0  9 9  
1 . 5  7 5 - 9 0  9 9  
1 5 . 8  5 0 - 7 5  8 4  
1 . 4  a 9 5  
4 . 6  5 0 - 7 5  8 9  
3 . 2  7 5  8 8  
8 . 6  7 5 - 9 0  1 0 0  
9 . 5  5 0 - 7 5  8 6  
2 3 . 0  7 5 - 9 0  9 9  
--s.:4 
( 6 . 2 )  
� 
Ul 
Tab l e  2 ( Continue d )  
Bear Spring ran9:e Spr in9:/s umme r ran ge Fal l ran9:e 
no . ( y r )  Area %CE % S  Are a  % C E  % S  Area %CE 
-
Mal e s  
A2 6 ( 7 6 ) 3 . 8  7 5  
A2 6 ( 7 7 )  5 . 5  5 0 - 7 5  8 1  
A3 0 ( 7 6 )  4 . 5  5 0  1 0 0  2 3 . 8  < 5 0  
A 3 0 ( 7 7 ) 4 . 1  5 0 - 7 5  8 6  1 3 . 4  5 0 - 7 5  8 3  1 2 . 6  5 0 - 7 5  
A4 2 9 . 0  7 5  9 6  1 2 . 7  7 5 - 9 0  
A4 7 1 7 . 1  5 0 - 7 5  9 4  1 1 . 5  7 5 - 9 0  
A5 0 4 . 8  5 0 - 7 5  6 9  7 . 8  7 5 - 9 0  
A52  1 2 . 2  7 5  
A5 3 1 8 . 3  7 5 - 9 0  
B l 2  1 0 . 9  5 0 - 7 5  8 5  2 . 5 5 0  
C l 4  ----- - - 1 . 4  7 5  9 3  7 . 5  5 0 - 7 5  
6 5  5 . 8  5 0 - 7 5  5 1  1 0 . 3  7 5 - 9 0  
s ubavg . 4 . 8  8 . 4  1 1 . 2  
( S D )  - - ( 5 . 2 )  ( 6 .  1 )  
totavg . 2 . 7  5 . 8  7 . 4 
= 
a Value could not be c al culated due to methodo logy . 
bArea o f  secondary fal l range only . 
- - - - Indis c rete range . 
% S  
8 0} 
a 
6 5  
1 0 0  
9 5  
1 0 0  
9 5  
9 9  
8 5  
8 4  
7 9  
Annual ran9:e 
Area % CE 
2 4 . 5  7 5- 9 0  
2 8 . 3  a 
2 6 . 0  a 
2 2 . 9  7 5 - 9 0  
2 5 . 7  7 5 - 9 0  
1 4 . 7  7 5 - 9 0  
2 0 . 3  7 5  
1 3 . 4  a 
1 2 . 8  7 5 - 9 0  
2 3 . 4  7 5 - 9 0  
2 1 . 2  
( 5 . 6 ) 
1 3 . 8  
% S  
7 9  
a 
7 6  
9 8  
9 5  
9 0  
9 6  
8 6  
8 9  
7 0  
9 1  .r;:.. 0'1 
Tabl e  3 .  A.'1nua l and seasonal h e me ran ge s i z e  ( km2 ) for b l ack 4 7  
bears i n  the GSMNP . Range s i z e  i s  de fined a s  the area 
B e a r  
n o .  ( y r )  
Fema l e s  
A9 ( 7 6 )  
A9 ( 7 7 )  
A2 8 ( 7 6 )  
A2 8 ( 7 7 )  
A2 9 ( 7 6 ) 










6 3  
6 4  
8 9  
s ubavg . 
( S D )  
Sol . cub 
A4 3 
Hal e s  
A2 6 ( 7 6 )  
A2 6 ( 7 7 )  
A 3 0 ( 7 6 )  






B 1 2  
C 1 4  
6 5  
s ub avg . 
( SD )  
totavg . 




2 .  8 
0 . 8  
1.8 
1 4 . 3  
1 7 . 8  




1 4 . 3  
8 . 0  
1 4 . 9  
8 . 6  
3 . 5  
6 . 3  
0 . 6 
1 2 . 5  
1 2 . 2  
2 4 . 2  
1 0 . 5  
( 6 .  7 )  
2 7 . 5  
3 6 . 8  
2 1 . 4 
( 9 0 . 4 )  
2 0 . 4  
4 3 . 7 
3 . 5  
3 3 . 5  
2 7 . 6  
( 1 3 . 2 ) 
1 7 . 2  
Fa ll 
r a n g e  
area 
( 6 9 . 4 )  
5 . 1  
9 .  9 
2 4 . 5 } 
3 . 0 
7 . 7  
( 1 3 . 5 )  
7 . 9b 
9 . 7  
7 . 4  
9 . 4 
( 6 .  5 )  
3 . 8 
8 .  8 } 
( 3 9 1 . 9 )  
( 6 6  . 1 ) 
: 7 . 9  
2 1 . 9  
1 4 . 6  
2 8 . 6  
3 4 . 9  
l6 . 5 
3 8 . 1  
1 9 . 4 
---n-:4-
( 9 .  7 )  




( 8 3 . 7 )  
1 2 . 5  
l l . 6 
1 9 . 6  
5 . 3  
9 . 5  
2 .  6 
4 4 . 6  
( 1 4  . 1 ) 
1 0 . 5  
5 . 2  
1 3 . 3  
1 8 . 4  
2 9 . 5  
1 5 . 2  
( l l . B )  
4 7 . 2 
( 4 1 9 . 4 )  
( 1 0 2 . 9 ) 
3 4 . 6  
4 4 . 5 
2 5 . 9  
4 6 . 0 
6 0 . 2  
2 8 . 0  
4 2 .  8 
4 1 . 1  
( 1 1 .  2 )  
2 5 . 6  
Total 
s arr.p l e  
s i z ea 
3 5  
1 8 5  
2 8  
1 5 9  
6 6  
6 8  
8 3  
3 6  
5 0  
7 1  
4 5  
2 1  
3 4  
7 0  
2 9  
1 6  
6 1  
2 3  
6 3  
1 3  
4 2  
7 6  
5 8  
7 2  
4 8  
8 0  
2 6  
3 5  
4 6  
a The number o f  locations actua l ly used i n  thi s analy s i s  was 
often l e s s  than the value indicated (pp . 1 6 - 1 7 ) . 
bArea o f  s ec ondary f a l l  ran ge only . 
( } Area e s t imate not ave raged due to pos s ible bias ( p .  4 8 ) .  
---- Indi s crete range . 
4 8  
and fall ranges exclud in g  the travel routes between them . 
Type I I I-b annual range s i z e s  were calculated by cons idering 
the entire s catter o f  po ints to be a s ingle group . Es timates 
computed by the 2 methods for both annual and seasonal range s 
compared favorably by regres s ion ( r  = 0 . 5 0 ,  N = 6 4 , p < 0 . 0 0 1 )  
e spec ial ly when type I I I-c fall r ange s were e l iminated from 
the analy s i s  ( R  = 0 . 8 2 ,  N = 5 9 ,  p < 0 . 0 0 1 ) . These ranges 
were often high ly inacce s s ible ( low succ e s s  rate ) , wh ich 
resulted in sma l l  sample s i z e s  for radio-locations thereby 
inflating the 9 5  percent con fidence region . Thi s  inf lation 
caused type I I I-c annual and fal l ranges to appear much 
larger (p < 0 . 0 5 )  than other range types when conf idence 
e l l ipse e s t imates were used . No appreciable d i f ference 
was noted us ing the polygon . Becau s e  o f  thi s confu s ion , 
the fol lowing compar i sons involving annual and fall ran ges 
were made independent of bears with type I I I-c ranges . 
Al l conc lusion s  were con f irmed by both area e s t imates . 
Males  had larger ( p  < 0 . 0 5 )  spring/summer , fa l l  and 
annua l ranges than femal e s , averaging 2 . 3 - 3 . 3  time s more 
area ( depending on the season and me thod of e s t ima te ) . 
Mean annual range s i z e  was 4 2  km2 for adult males and 1 5  km2 
for adult females . Thes e  e s t imates are con s iderably lower 
than those reported by Al t et al . ( 1 9 7 6 ) and Lind z ey et a l . 
( 1 9 7 6 )  who used the s ame method o f  analys i s . No d i f ference 
was evident between females  with o f f spring and s o l i tary 
4 9  
females , nor between bears o f  the s ame sex from d i f ferent 
sec tions of the Park . Spring/summer and fa l l  range s i ze s  
were a l s o  n o t  s i gn i fican tly different for either sex . 
Exac t ly hal f the bear s o f  each s ex had larger spring/summer 
range s , and ha l f  had larger fal l range s . The 4 di scre te 
spring ranges observed appeared more restricted than other 
seasonal range s ( F ig . 6 ,  p .  2 4 )  al though no s tatis tical 
s ign i f icance could be attributed due to the small s ample 
s i z e . Annual ranges are , by de fini tion , larger than the 
seasonal range s ( although some ins tances may be noted on 
Table 3 ,  p .  4 7 , where the increased sample s i ze o f  the 
annual range actually functioned to shr ink the area e s t imate 
be low that obtained for 1 of the s easonal range s ) .  Of the 
6 male and 6 female type I I I -b ranges where e s t imates were 
made for a spring/summer , fa l l  and annual range , annual 
range s averaged 1 . 5  time s the area of the seasonal range s . 
Type I I I-c annual ranges are exac tly twice the average o f  
the 2 seasonal ranges and may often exceed the area of any 
1 seasonal range by 5 0 0  percent or more . The se points 
s tr e s s  the need for year round tracking in order to obtain 
use ful e s t imates of home range s i ze . 
One full year o f  radio-tracking apparently gives more 
accurate home range e s t imates than even several years of 
seasonal track ing , at least for the bears in the GSMNP . 
Year to year shi fts of the summer range are cons iderab ly 
l e s s  than the shi fts that may occur seasonal ly in 1 year 
(p  < 0 . 0 1 ) . Displacement of the activity center from 
s ummer to fal l averaged 2 . 8  krn and 1 0 . 0  krn for type I I I -b 
and type I I I - c  ranges respective ly ( Table 4 ) , whi le year 
5 0  
to year di splacement o f  the s ummer activity c enter averaged 
only 1 . 1  krn ( Table 5 ) . Arns trup and Beechurn ( 1 9 7 6 ) and 
Alt et al . ( 1 9 7 7 )  also noted geographic stab i l i ty of the 
horne range activity cente r from year to year . 
In th i s  s tudy , the boundaries o f  the spr ing/summer 
range also appeared relatively fixed from year to year . Many 
ranges bordered on the s ame r idge sys tems , often tho se 
dividing watersheds . The shape of the watershed , then , has 
an important impac t  on the shape of the horne range , 
e spec i a l ly for tho se animal s that res tric t the ir range to 
1 water shed . Although mo s t  ma le range s are longer and wider 
than female range s , the l ength : width ratio averages about 
2 : 1  for both s exe s and for annual ( exc luding type I I I - c ) 
a s  we l l  as seasonal ranges ( Table 6 ) . The ratio o f  the 
e i genva lue s in the con f idence e l l ipse ana ly s i s  can also be 
used to de s cribe the l inear i ty of the home range . The se 
va lues are pres ented in Tab le 6 for those ranges where the 
a s s umptions discus sed by Koeppl et al . ( 1 9 7 5 ) have been met .  
Average linearity was determined to be 3 . 6 : 1 .  The increase 
in l inearity u s ing thi s  method i s  due to the s tretched 
appearance of the con fidence e l l i p s e  with respect to the 
5 1  
Table 4 .  D i s p l acemen t  o f  s easonal ranges o f  bl ack bears in 
the GSMNP measured as the d i s tance ( km)  between 
seasonal activity centers . 
Bear 
no . ( y r )  
Fema l e s  
A9 ( 7 6 )  
A9 ( 7 7 )  
A2 8 ( 7 7 )  
A2 9 ( 7 6 )  
A2 9 ( 7 7 )  
A4 0 
B 1 8  
D 2  
D 1 6  
H l  
6 3  
s ubavg . 
( S D )  
Mal e s  
A2 6 
A3 0 ( 7 6 ) 





B 1 2  
C 1 4  
6 5  
s ubavg . 
( S D )  
totavg . 
Spring to 
s ummer range 
1 . 1  
b 
3 . 5  
2 . 3  
Spring/summer to 
fa ll range 
type I I I-b type I I I- c  
8 . 9  
1 . 9  
( 1 .  0 )  
1 . 8  
8 . 6  
1 . 4  
3 . 5 
3 . 0a 12 . 6  
1 8 . 2  
2 . 0  
2 . 7 
2 . 1  1 0 . 4  
( 0 .  6 )  ( 5 .  4 )  
5 . 1  
1 7 . 6  
9 . 0  
2 . 3  
2 . 7  
2 . 9  
6 . 1  
5 . 3  
4 . 3  
3 . 1  
3 . 4  9 . 5  
( 1 .  1 )  ( 5 .  6 )  
2 .  8 1 0 . 0  
a Secondary fal l range shi ft . 
b Could not be determined due to failure of the radio-
c o l lar . 
( ) Type I I I- a  fa l l  shi ft shown for comparative purpos e s  
only . 
Table 5 .  Ye ar to year displacement o f  the s ummer activity 
centers of bl ack bears in the GSMNP . 
5 2  
D i s placement 
Bear no . Years dis tance 
A9 1 9 7 6 - 1 9 7 7  0 . 8 
A2 8 1 9 7 6 - 1 9 7 7  0 . 8 
A 3 0  1 9 7 6 - 1 9 7 7  1 . 6  
6 3  1 9 7 5 - 1 9 7 6 a 1 . 4  
6 4  1 9 7 5 - 1 9 7 6 a 1 . 3  
A4 5 1 9 7 5 - 1 9 7 7a 0 . 8  
avg . 1 . 1  
( S D )  ( 0 . 4 )  
aActivity center calc ulated from data pres ented by 
E ubank s ( 1 9 7 6 ) . 
( km)  
Tab l e  6 .  
Bear 
!'!o . ( y r )  
F2w.a l e s  
1-� T"i 6 )  . 
!\'0 { 7 7 )  
A2 8 ( 7 6 )  
A2 8 ( 7 7 )  
A2 9 ( 7 6 )  
P..2 9 ( 7 7 )  
A 4 0  
M 4  
A ,; s  
B l G  
B l G  
D 2  
£. 7 -.;.;� C' � _, 
E l  
6 3  
6 �  
B S  
s t.:.b a v g . 
S o l . c ub 
1\ 4 3 
Ind i c e s  o f  home range shape t abulated for annua l  and s e a s onal ranges o f  b lack bears in the 
GSHi'!P . L :  len gth ( k:n)  I H ;  width ( km )  1 >.. / >.. : X y 
T .... 
1 . 6  
0 . 7  
1 . 1  
S,ering: range L/l'i >.. /'A w 
0 . 7  
0 .  7 
0 . 7  
2 . 3  
1 . 0  




Soring:/ sumrc.er ranl:::_ 
L W L/W 'A 'A X y 
4 . 1  1 . 8  2 . 3  - -
3 . 1  2 . 0  1 . 6  2 . 8  
3 . 7  2 . 1  1 . 8  3 . 1  
3 . 2 1 . 7 1 . 9  3 . 0  
2 . 8  1 . 0  2 . 8  - -
2 . 0  1 . 4  1 . 4  --
1 . 0  0 . 6  1 . 7  3 . 0  
3 . 3 2 . 2  1 . 5  --
3 . 0  1 . 9  1 . 6  --
6 .  2 1 . 9 3 . 3  
3 . 2  1 . 7  2 . 0  
ratio o f  e i genva lue s . 
Fa l l  range L w L/W 'A Tr X y 
4 . 2 2 . 4  1 . 8  --
2 . 6  1 . 6  1 . 6  2 . 1 
3 . 5  2 . 0  1 . 8  2 . 2  
5 . 1  3 . 4  1 . 5  -- } 
2 . 3  0 .  8 2 . 9  4 . 5  
3 . 5  1 . 7  2 . 1  2 . 9  
1 . 7  0 . 9  1 . 9  --
2 . 5  1 . 8  1 . 4  
2 . 9  1 . 9  1 . 5  - -
2 . 2  1 . 0  2 . 2  --
3 . 1  1 . 7  1 . 9  
1 . 9 1 . 1  1 . 7  1 . 9  
L 
( l l . 5 ) 
4 . 5  
3 . 7  
5 . 7  
4 . 0  
4 . 6  
1 . 8  
5 . 4  
( 4 .  8 )  
6 . 1  
3 . 3  
4 . 3  
4 . 7  
6 .  a 
4 .  6 
Annu a l  range w L/W 
2 . 1 2 . 1 
3 . 2 1 . 2  
2 . 9 2 . 0  
1 . 4  2 .  9 
1 . 9  2 .  4 
1 . 3  1 . 4  
4 .  9 1 . 1 
1 . 3  4 . 7  
1 . 5  2 . 2 
2 . 9  1 . 5  
2 . 7  1 . 7  
5 .  4 1 . 3  
2 . 6  2 . 0  
;:.,. />.. X y 
lJl w 
4 . 9  
2 . 6  
3 . 7 
6 . 8  
1 . 5  
6 . 9  
3 . 6  
3 . 5  
4 . 2  
Tab l e  6 ( Continue d )  
Spring/s umme r range F a l l  range An nual range Be a r  
no .  ( y r )  L 
Spring � ..;:e�..,..--I'V L/W A /1, X y L W L/W A /A X y L W L/1'1 -AJ"A X y L W L/W A /X X y 
Ha l e s  
A2b\ 7 6 )  
A2 6 ( 7 7 )  
A3 0 ( 7 S )  






B l L  
C l -.� 
6 5  _  _ 
s ubavg . 
totavg . 
4 . 9  1 . 8  2 . 7  
3 . 5  2 . 0  1 . 8  
4 . 2  l . 9  2 . 3  
2 . 0  
8 . 3  
4 . 1  
6 . 4  
4 . 5  
6 . 2 
3 . 8  
6 . 5  
1 . 8 
6 . 0  
4 . 9  
1 . 4  2 . 9  - -
2 . 8  2 .  3 6 . 2  
3 . 2  1 . 4  - -
3 . 8  1 . 6  - -
1 . 7  2 . 2  - -
2 . 4  2 . 7  - -
l . l  1 . 6  - -
1 . 6  3 8 - -
2 . 3  2 . 3  
2 . 1  
3 . 0  1 . 7  
9 . 1  5 . 1  
7 . 1  2 . 1  
5 . 7  3 . 0  
4 . 8  4 . 2  
4 . 7  2 . 8  
5 . 8  3 . 3  
6 .  8 3 . 3 
2 . 3  2 . 1  
4 . 6  2 . 4  
6 . 2  2 .J.  
5 . 5  3 . 0  
1 . 8  
1 . 8  
3 . 4  
1 . 9  
1 . 1  
1 . 7  
1 . 8  
2 . 1  
1 . 1  
1 . 9  
2 . 6  
1 . 9  
1 . 9  
3 . 5} 
1 . 4  
2 . 3  
8 .  6 4 . 1  2 . 1  
( 2 3 .  4 )  
( 1 2 . 9 )  
8 . 6  4 . 0  2 . 2  
7 . 0  5 . 6  1 . 3  
6 . 8  3 . 3  2 . 1  5 . 2  
7 . 1  4 . 6  1 . 5  1 . 9  
( 9 .  0 )  
7 . 1  2 .  4 3 . 0  
9 . 7  5 . 7  1 . 7  
7 . 8  4 . 2  2 . 0  
2 . 0  4 . 1  
- - S c a tter o f  locat ion poi nts e i ther too h i gh l y  skewed or kurtot i c , o r  s amp l e  s i z e  too s ma l l  { < 2 0 )  
f o r  th i s  va lue to be meanin gful . 
( ) D i s tance bet"een mo s t  wid e ly s eparated loca tion points o f  a type I I I - c  h ome range ; value n o t  
i r. c l udec in average . 
U1 
� 
polygon . Thi s  says , in a sense , tha t the boundaries  o f  
the range width are more certain than those o f  the range 
length . Th i s  i s  exactly what would be e xpected o f  bears 
occupy ing deep narrow watersheds . 
Social Interact ions 
S ince bears could not be directly obs erved in thi s  
s tudy , soc ial interactions were inferred from home range 
over lap , dis tance between activity centers , proximi ty o f  
s imu l taneous radio-locations and d i s persal patterns . 
5 5  
Range overlap was measured whenever 2 o r  more anima l s  
appe ared t o  occupy the s ame general a r e a  for a n  extens ive 
period of tiine . The spring/summer range s o f  2 females in 
the We s t  Prong water shed overlapped cons iderab ly in both 
1 9 7 6  and 1 9 7 7  ( Fi g .  1 5 ) . The area o f  ove rlap contained 
9 0  percent of the range of A2 8 and 7 3  percent of the range 
of A9 . Cons idering the ages of thes e  2 bears ( 1 0  and 3 
years respectively ) , the po s s ib i l i ty exists that A9 i s  
the daughter o f  A2 8 as s ugge sted b y  the results o f  studies 
by Jonke l and Cowan ( 1 9 7 1 )  and Rogers ( 1 9 7 7 ) . Although 
the activity centers of the se 2 range s were only 1 0 0  m 
apart , the average d i s tance between s imultaneous radio­
locati ons was 1 km , po s s ibly indicating mutual avoidance .  
Only once were the 2 bears located within 1 0 0  m o f  each other . 
For a known mother-daughter pair tracked in thi s  s tudy , 
avoidance was noted a fte r the fami ly breakup in the spring 
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Fi g .  1 5 .  Extens i ve s pring/summer range overlap for an 
adult female ( A2 8 )  and s ubadult fema l e  (A9 ) in the Bote 
Mountain area in 1 9 7 7 . 
5 7 
o f  the daughter ' s  second year . Although both bears occupied 
virtually the same sma l l  spring range ( <  1 0 0 0  m a t  the wide s t  
po int ) , activity centers were 1 7 0  m apart and the 2 were 
frequently s eparated by 3 0 0  m or more ( Fig . 1 6 ) . Two 
obs e rvation s were made where the bears had apparently 
re j o ined . On 1 o f  thes e  occa s ions , they remained together 
for at lea s t  5 days . Howeve r , the results of thi s s tudy 
may have been biased s ince the breakup occurred premature ly , 
due to human d i s turbance at the den s i te . Reynolds and 
Beechum ( 1 9 7 7 ) noted intermi ttent rea s s oc iation a fter the 
initial fami ly breakup , whi l e  Rogers ( 1 9 7 7 )  found thi s to 
be rare . 
The actual extent o f  range over lap for both re lated 
and unrelated ind ividual s  could not be determined because 
even in the central s tudy area , only a small percentage 
o f  the bears were radio-col lared . I f  no ove rlap occurred , 
the We s t  Prong watershed would be able to s upport only about 
6 ind ividual s  (us ing the mean spring/summer range area f rom 
Table 2 ,  p .  4 5 ) , however Eagar ( 1 9 7 7 ) e s t imated that there 
were 35 res idents there in the summer of 1 9 7 4 , and 5 2  
in the summer o f  1 9 7 5 . I t  i s  there fore evident that spring/ 
s ummer range s for bears in the GSMNP overlap cons iderably . 
Thi s  was also recogni zed by Beeman ( 1 9 7 5 ) and Eubanks ( 1 9 7 6 ) . 
S tudies in othe r areas have a l so indica ted extens ive range 
overlap ( Spence r  1 9 5 5 , Sauer et a l . 1 9 6 9 , Ams trup and 
5 8  
Fig . 1 6 . Distance between a mothe r ( 8 9 )  and her yearl in g  
o ffspring ( B l 8 ) throughout the spring o f  1 9 7 7 . The radio­
col lar on bear 8 9  ceased functioning a fter 13 May . 
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6 0  
Beechum 1 9 7 6 , Reyno lds and Beechum 1 9 7 7 , LeCount 1 9 7 7 , 
Lindzey and Mes low 1 9 7 7 ) , although s ome authors indicate 
that only min imal ove rlap occurs between individual s  o f  
the s ame s e x  ( Jonkel and Cowan 1 9 7 1 , Poelker and Hartwe l l  
1 9 7 3 ) . 
S ub s tantial ran ge over lap was a l s o  obs erved during the 
f a l l . The fa l l  range o f  1 female with cubs completely 
over lapped that o f  anothe r  fami ly group ( Fi g .  1 7 ) . Temporal 
s eparation again indicated a mutual avoidance . The seasonal 
activity centers were only 2 0 0  m apart whi le monthly activi ty 
centers were s eparated by as much as 1 km . The average 
d i s tance between the 2 fami l ies at any given time was 7 0 0  m 
( range 1 0 0 - 1 6 0 0  m) . 
As previously mentioned ( p . 2 9 ) ,  many ma le fall range s 
were c lumped and ove rlap was extens ive . Fi g .  1 8  dep ic t s  
the f a l l  range s o f  5 male bears in 1 9 7 7 . I f  virtually a l l  
s ubadult a n d  adult mal e s  from the Bote Mountain area as we l l  
a s  s ome ma les from othe r areas uti l i z e  thi s  region in the 
2 fall , then the den s i ty l ikely exceeds l bear per km . Thi s  
h i gh dens i ty i s  s upported by a n  abundance o f  preferred 
spec i e s  of oak ( p .  3 8 ) .  During poor mas t  year s , however ,  
increased competition may lead to social into lerance and 
many bears may be driven out of the i r  traditional fall 
feeding grounds . Because fall range s o f  females are more 
d i spersed , they may be l e s s  radi c a l ly affected by a mas t  
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Fig . 1 7 . Fall  range overlap between 2 fami ly group s in 
the Bote Mountain area in 1 9 7 7 . 
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Fi g .  1 8 . Extens i ve fall range overlap among 5 mal e s  in 
the Laurel Creek watershed in 1 9 7 7 . Pe rcentage over lap 
ranges from 5 6  percent fo r A5 3 to 1 0 0  percent for A4 2 .  
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6 4  
s hortage . Beeman and Pe l ton ( 1 9 7 7 )  noted a sharp incre a s e  
in the ki l l  o f  s ubadult mal e s  outs ide the Park during 2 mas t  
c rop fai l ure s . In thi s s tudy , 2 radio- co l l ared ma les (Al l 
and A3 0 )  and 1 radio-collared female ( A2 9 )  were k i l led outs ide 
the Park boundaries  dur ing the fall . One cub ( A4 0 )  wa s 
poached from within the central s tudy area . 
The only natural death obs erved may have also been a 
function o f  social inte ractions during fall foraging . The 
individual invo lved was an 1 1  year old fema le ( # 6 3 ) . Her 
s umme r range in 1 9 7 5  ( Eubanks 1 9 7 6 ) and 1 9 7 6  was in an area 
used heavi ly by other fema l e s  in the fal l . In view o f  her 
old age , i t  may be s peculated that she was forced from her 
s ummer ran ge by the advance of other females and enticed 
by the abundance of oak in the area used exc lus ive ly by the 
male s .  Here she maintained a fall range for only 2 0  days , 
con s iderably l e s s  time than any other bear in thi s s tudy 
( Fi g . 9 ,  p .  3 3 , and Table A- 4 in the Appendi x ) . She returned 
to her summe r range and died about 2 weeks later , pos s ibly 
o f  inj uries resulting from social interactions wi th the 
males . Rogers ( 1 9 7 7 )  obs erved con s iderable aggre s s ion 
directed towards female b l ack bears attempting to feed at 
a dump uti l i zed exclusive ly by mal e s  i n  the fall . One 
ins tance o f  a black bear mortal i ty resulting from wounds 
incurred in an aggre s s ive interact ion has been reported 
in the GSMNP . Mutua l avo idance serve s to reduce s uch 
a goni s tic encounters ;  only twice were 2 mal e s  in the fall 
range located wi thin 1 0 0  m o f  each othe r . 
D i e l  Movements 
Hourly movements were moni tored on a periodic bas i s  
f rom May through December although c on s i derably more data 
were collected in the f a l l  than in the s pring and s umme r . 
Because o f  s imilarit ies in home range s tructure s , as 
previously d i s cussed , and apparent s imi l aries in the da i ly 
activity patterns (pp . 7 9 -8 1 ) , spring and s ummer ( May­
Augus t )  diel movement data were grouped together for this 
analys i s .  Some compari s on s  were hampered by the fact that 
only 1 male was tracked for a comp lete 2 4  hr period during 
the spring and summe r , wh i l e  s ample s i z e s  in the fall were 
relatively equal for the 2 s exes . 
, 6 5 
Mean total da i ly movement for males was greater than 
that for females  (p < 0 . 0 5 )  cons idering the who le year or 
j us t  the fal l season ( a  va lid spring/summe r sex compari son 
could not be made ) ( Table 7 ) . Net dai ly movement , howeve r , 
wa s not s i gni ficantly d i f fe rent because males appeared to 
travel in a more c ircuitous fashion . Example s o f  extremes 
in c ircuity and l inearity o f  the dai ly trave l route s are 
i l lu s trated in F i g .  1 9 . In genera l ,  fa ll movements we re 
more c ircuitous (p < 0 . 0 5 )  than s pring/summer movements ; 
thus , although total dai ly movement increa sed from summer 
Tab l e  7 .  Daily movemen t  parame te r s  o f  b l ack bears i n  the GSMNP ( d i s tance in km) . 
Total daily 
moveme nt 
Category ( n )  me an ( S D )  max . 
SJ2r/s umme r 
Fema l e s  (6 ) 3 . 2  ( 1 .  2 )  4 . 2  
Ma les ( 1 )  1 . 7  - - -
Total ( 7 )  3 . 0  ( 1 .  2J  
F a l l  
Females ( 2 3 )  4 . 9  ( 2 . 2 )  7 . 1  
Ma l e s  ( 1 7 )  6 . 7  ( 2 .  7 )  10 . 1  
Total ( 4 0 )  5 . 7  ( 2 .  6 )  
Annual 
Fema l e s  ( 2 9 )  4 . 6  ( 2 .  2 )  
Males ( 1 8 )  6 . 4  ( 2 .  9 )  
To tal (4 7 )  5 . 3  ( 2 .  6 )  
= 
Net d a i l y  
movement 
me an ( S O )  
1 . 3  ( 1 . 0 )  
1 . 0  - - -
1 . 3  ( 1 . 0 )  
0 . 8  ( 0 . 6 )  
1 . 6  ( 1 .  3 )  
1 . 2  ( 1 .  0 )  
1 . 0  ( 0 .  8 )  
1 . 5  ( 1 .  2 )  
1 . 2  ( 0 .  9 )  
c ·  · t a l. rCUl J:: 
me an (so) 
0 . 4  ( 0 . 2 )  
0 . 6  - - -
0 . 5  ( 0 . 2 )  
0 . 3  ( 0 . 2 )  
0 . 2  ( 0 .  2 )  
0 . 3  ( 0 .  2 )  
0 . 3  ( 0 . 2 )  
0 . 2  ( 0 .  2 )  
0 . 3  ( 0 .  2 )  
Da i ly range 
length 
mean ( S D )  range 
1 . 6  ( 0 .  9 )  0 . 6 - 3 . 1  
1 . 0  - - -
1 . 5  ( 0 . 8 )  
1 . 5  ( 0 . 7 )  0 . 4 - 2 . 7  
2 . 1  ( 1 . 1 )  0 . 6 - 4 . 3  
1 . 8  ( 0 .  9 )  
1 . 5  ( 0 .  7 )  
2 . 1  ( 1 . 1 )  
1 . 7 ( 0 .  9 )  
aWh ere 1 = s traight l ine movement and 0 = re turn to the original loca t i on . 
bCalculated on a per individual bear bas i s . 
D a i l y  7 s easonal 
range lengthb 
me an ( S D )  
0 . 6  ( 0  . 1 )  
0 . 2  
0 . 5  ( 0 . 2 )  
0 . 5  ( 0 .  2 )  
0 . 4  ( 0 . 2 )  
0 . 5  ( 0 . 2 )  
0 . 5  ( 0 .  2 )  
0 . 4  ( 0 .  2 )  
0 . 5  ( 0 .  2 )  0"1 0"1 
6 7  
b .  
c .  
1 k m 
Fig . 1 9 .  Maximum and rnlnlmurn ci rcuity o f  diel  travel 
routes . ( a )  C i rcular trave l route o f  a subadult male ( A4 2 )  
during the fa l l  o f  1 9 7 7 , c i rcuity = 0 . 0 5 ;  ( b )  z i g- zag t rave l 
route o f  an adu lt female ( Hl ) during the fal l  o f  1 9 7 7 , 
c i rcuity = 0 . 0 4 ;  ( c )  l inear trave l route s panning entire 
l ength o f  home range of a subadult female (A9 ) during the 
spring o f  1 9 7 7 , circuity = 0 . 7 4 .  
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to fall  ( p  < 0 . 0 5 ) , avo idance behavior (pp . 6 4 - 6 5 )  have 
functioned to re s trict net movement and the dai ly range 
length especi a l ly whe re den s i ty l eve l s  were particularly high . 
Mean net daily movement and mean dai ly range length were not 
s i gn i ficantly d i f ferent between season s . Net daily movement 
averaged 1 . 2  km which compares favorably with the f indings 
of Ams trup and Beechum ( 1 9 7 6 ) o f  1 . 3  km for bl ack bear s 
in I daho . Al t ( 1 9 7 7 )  noted that trans located bears made 
cons iderably greater net movements per day than those 
trave l ing within the i r  home ran ge s . I t  is not known whe ther 
total dai l y  movement i s  a l s o  increased in thi s  s i tuation . 
During the fall , mean daily range length for ma les 
e xceeded that of fema l e s  ( p  < 0 . 0 5 ) . A s l i ght tendency 
exis ted for the long axis of the dai ly range to be a l i gned 
with that of the s easonal range . Dai ly range lengths were 
usually one - th i rd to two-thirds the d i s tance acros s the 
seasonal range (calculated on a per individual bear basi s ) . 
Thi s  i s  cons i s tent wi th the f indings o f  Beeman ( 1 9 7 5 ) . Some 
daily range lengths were l e s s  than 1 0  percent o f  the 
s easonal length , whi l e  in 1 case a daily trave l route s panned 
the entire length of the home range ( F i g . 1 9 ) . 
During the fall , mal e s  moved furthe r per hour than 
females ( p  < 0 . 0 5 )  ( Table 8 ) . Overall hour ly trave l rates 
appeared greater during the fall than during the sprin g/ 
s umme r , however thi s  was due to the lack of noc turna l 
Tab le 8 .  
Cate gory ( n )  
SJ2r/s ummer 
Fema l e s  ( 6 }  
Mal e s  ( 1 )  
Total ( 7 )  
Fal l 
Fema l e s  ( 2  3 )  
Mal e s  ( 1 7 )  
Total ( 4 0 )  
Annual 
Fema l e s  ( 2 9 )  
Mal e s  ( 1 8 ) 
Total ( 4 7 )  
Hour ly movement parameters o f  b lack bears in the GSMNP 
All day avg . Mean " active " Me an " nocturnal " 
rate o f  trave l ( 0 6 0 0 - 2 2 0 0 )  ( 2 3 0 0 - 0 5 0 0 )  
mean ( SD )  rate o f  trave l rate o f  t rave l 
0 . 1 3 ( 0 . 0 5 )  0 . 2 1 0 . 0  
0 . 0 7 - - 0 . 1 5 0 . 0  
0 . 12 ( 0 . 0 5 )  0 . 2 0 0 . 0  
0 . 2 1 ( 0 . 0 9 )  0 . 2 3  0 . 1 6 
0 . 2 8 ( 0 . 1 1 )  0 . 3 1 0 . 2 2 
0 . 2 4 ( 0 . 1 1 )  0 . 2 7 0 . 1 7 
0 . 1 9  ( 0 . 0 9 )  0 . 2 2  
0 . 2 7 ( 0 . 1 2 )  0 . 2 9 
0 . 2 2 ( 0 . 1 1 )  0 . 2 6  
( km/h r )  . 
Maximum 
hourly rate 
1 . 1  
0 . 6  
1 . 4  
1 . 6  0'1 1..0 
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activity i n  the spring and summe r  (pp . 7 9 - 8 1 ) .  Average travel 
rates between the hours 0 6 0 0 - 2 2 0 0  we re virtual ly cons tant 
( 2 0 0 - 3 0 0  m/h r )  with respect to the t ime of the year . The 
maximum hour ly movement recorded in thi s s tudy was 1 . 6 km . 
Roger s  ( 1 9 7 7 )  observed trave l rates o f  1 . 6 - 2 . 7  km/hr for 
bears not invol ved in foraging . 
CHAPTER V 
RESULTS AND D I S CUSS ION : ACTIVITY BEHAVIOR 
As s e ss ment of Equipment 
Activi ty interpreted by the motion sensit ive radio­
col lars used in thi s  s tudy correlated with act ivity measured 
by the d i s tance between s uc c e s s ive hourly locations during 
early and middle fall ( 2  Oct- 4 Dec , 1 9 7 6  and 1 9 7 7 )  
( Fig . 2 0 ) . A s imi lar analy s i s  for spring/summer data also 
indicated a h i gh corre lation , e spec ially when 2 unusua l ly 
lon g , hourly movements o f  greater than 8 0 0  m were d i s regarded 
due to the sma l l  sample s i z e (r = 0 . 8 8 ,  N = 2 4 , p < 0 . 0 0 1 ) . 
The above relationship exists despite the countering 
in fluence o f  such factors a s  individua l behavioral pecul iari­
t i e s  among the bears (a  particular animal may be very active 
but restrict i t s  movements , p .  9 4 ) , recogni zable d i f ferences 
in the s en s itivi ty o f  the activity mon i tor in each co l lar 
( t e s ted prior to being put in the field ) and var iable s 
a f fecting the dai ly activity rhythm o f  the popu lation as 
a whole (we ather and time o f  day may greatly a f fect the 
d i s tance moved dur ing any period of activi ty , pp . 8 3 - 8 6 . Too 
few observa tions were made on bears wi thout activity sens ing 
radio-collars to warrant a s imilar compar ison between changes 
in s i gnal integr i ty and d i s tance moved , but on many occas ions 
it was noted that s i gnal qua l i ty fluc tuated on col lars having 
7 1  
7 2  
Fig . 2 0 . Comparison o f  2 measures o f  activity for 1 3  
b lack bear s radio-tracked during ear ly and middle fall  
(2  Oct- 4 Dec , 1 9 7 6  and 1 9 7 7 ) . Upper curve represents 
average d i s tance moved per hour (mean s ample s i z e  for each 
po int = 2 7 ) . Lower curve repre sents corre sponding percentage 
activity a s  determined by the act ivity monitor ( s ince activity 
was usual ly s ampled twice an hour , mean sample s i ze for each 
po int = 5 2 ) . Re gre s s ion indicated that the 2 measures were 
h i gh ly corre lated (r = 0 . 6 9 ,  N = 2 4 , p < 0 . 0 0 1 ) . 
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the sensor , whi le the pul se rate remained cons tant ( indicating 
inact ivity ) . The above supports Lindz ey and Me s l ow ' s ( 1 9 7 7 )  
obs ervation that activity a s  determined by modulat ions in 
s ignal strength and/or frequency i s  exaggerated , pos s ibly 
by radio-inte r fe rence , temperature fluctuations and very 
s l i ght movements by bears . In contras t ,  inter ference and 
tempe rature fluctuat ions did not affec t the workings o f  the 
activity mon i tor , and s l i ght movements of the head could be 
d i s tingui shed from true act ivity ( pp . 1 9 - 2 0 ) .  Such head 
movements were cons idered to repre s en t  general inac tivity 
in th i s  s tudy . To ve ri fy th is a s s umption , data were 
reviewed in which 2 independent observations we re made within 
a 1 0 -min peri od on the s ame bear . Whe n  a head movement 
was noted by only 1 observer , inac tivity was noted by the 
other obs erver 6 4  percent of the time , whi ch proved to be 
a s i gni ficant association between what was cal led head 
movement and inactivity ( s i gn te s t , N = 3 9 , p = 0 . 0 5 ) . 
Head movements were recorded by both obs ervers in only 4 
ins tances indicating that the mot ion was very brief  and 
there fore should not be cons idered true activi ty . 
Factors Affecting Act ivity 
Time o f  year (Month ) and t ime o f  day ( Hour ) greatly 
a f fect the activi ty behavior of b lack bears in the GSMNP 
( Table 9 ) . I ndividual d i f fe rence s  among bears ( Bear ) were 
Tab l e  9 .  Analys i s  o f  va r i at ion i n  act ivity behavior o f  black bears i n  the GSXNP w i th 
respect to time o f  year , t i me o f  day and d i f f e renc e s  among bears . 
Source o f  Variation 
Tot a l  
B e a r  
Honth 
S ea s on 
Hour 
Month x Hour 
S e a s o n  x Hour 
Other interactions 
invo l ving bear 
Vari ation of observa tion s  
\vi t h i n  b e a r-month-hour 
aPartial s um of s quare s .  
d f  
--
5 2 1 3  
2 4  
9 
2 3 
1 4 0  
3 3 2 9  
1 6 8 8  
2 
4 6  
s s  
1 3 0 3 . 4 5 6 8  
5 9 . 4 5 2 l a 
5 9 . 4 4 6 l a 
2 . 5 2 8 l
a 
6 0 . 6 4 4 l a 
6 9 . 5 1 6 3 a 
4 0 . 9 6 6 0 a 
8 2 3 . 1 1 8 4  
2 1 8 . 3 3 3 3  
bTes ted again s t  other i n teract ions i nvo lvin g bear . 
MS 
2 .  4 7 7 2  
6 . 6 0 5 1  
1 .  2 6 4 1  
2 . 6 3 6 7  
0 . 4 9 6 5  
0 . 8 9 0 6  
0 . 2 4 7 3  
0 . 1 2 9 3  
c Tested aga i n s t  va riation o f  obs e rva t i o n s  w i t h i n  bear-month -hour . 
* p  < 0 . 0 1 .  
F 
1 0 . 0 5 * b 
2 6 . 7 l * b 
5 . l l * b 
l 0 . 6 6 *b 
2 . 0 l * b 
3 . 6 0 * b 
1 .  9 1  * c 
-...] 
lTl 
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a l s o  found to s i gn i f ic antly a ffec t  the level o f  act ivity , as 
d i d  the d i f fering re sponse of some individual s  to the time 
o f  year and t ime of day ( Other interactions invo lving bear ) . 
The apparent incon s i s tency o f  act ivity behavior among bears 
may reflect d i f ference s in sex,  age and fami ly as sociat ions 
( p . 8 9 ) .  Weather fac tors also appear to inf luence activity 
patterns ( Table 1 0 ) . O f  the 3 e lements of weather that were 
recorded in thi s  s tudy ( tempe rature , c loud cover and 
p recipitation ) ,  only temperature and precipitation had a 
reasonably c lear e f fe ct . However ,  interac tions among the 
various e l ements of weathe r ,  and among the s e  e lements and 
other envi ronmental and biological condi tions ( day length , 
food supply , biological c lock , reproduct ive condition , etc . )  
tended to complicate the obse rvance o f  direct cause-e f fect 
relationshi ps with activity ( p .  8 6 ) . 
Seasonal and Hour ly E f fects 
Dur ing the first month fol lowing den emergence , mo s t  
bears were predominantly inactive ( F i g . 2 1 ) . The level o f  
activity then increased rapidly , and almos t  l inearly , unt i l  
June when a peak was reached . Bears o f  both sexes rema ined 
highly active throughout the June-July breeding season . 
Subsequently , activity gradual ly diminished unt i l  denn ing . 
A s imilar pattern o f  annual activity has been reported for 
bears in Pennsylvania (Alt et a l . 1 9 7 6 ) , Washington ( Lind zey 
and Me s low 1 9 7 6 ) and Idaho ( Ams trup and Beechum 1 9 7 6 ) . 
Tab l e  1 0 . F�a lys i s  o f  varia� ion in activity behavio r  o f  b l ac k  b e a r s  in the GS�lliP w i t� 
respect t o  t i�e o f  year , t ime o f  day , d i f fe re n c e s  among b e a r s  and wea the r fa c to r s . 
Source o f  variation d f  
Total 3 8 5 0  
B e a r  2 4  
Honth 9 
Hour 1 6  
tveather 3 0  
Temp e rature 1 4  
Cloud cove r 4 
Precipi tat ion 1 2  
Re s i du a l  3 7 7 1  
aP a r t i a l  s um o f  squares . 
* p  < 0 . 0 5 .  
s s  
9 5 6 . 7 8 9 9  
5 9 . 4 8 3 2  
8 1 . 4 1 6 6  
3 5 . 1 9 5 0  
5 2 . 8 1 1 4  
7 . 4 6 0 6 a 
1 . 1 8 3 2
a 
4 . 7 8 5 4
a 
7 6 3 . 0 7 8 8  
MS F 
2 . 4 7 8 5  1 2 . 2 5 *  
9 . 0 4 6 3  4 4 . 7 0 *  
2 . 1 9 9 7  1 0 . 8 7 *  
1 . 7 6 0 4  8 . 7 0 *  
0 . 5 3 2 9  2 . 6 3 *  
0 . 2 9 5 8  1 .  4 6  n s  
0 . 3 9 8 8  1 . 9 7 *  
0 . 2 0 2 4  
-....1 
-....1 
. 8  
7 8  
. 7  
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Fig . 2 1 . Rel ationship between t ime of year and activity 
o f  b lack bears in the GSMNP . 
The dai ly activity pattern showed 2 peaks , 1 a t  0 8 0 0  
and 1 at 1 8 0 0 . Thi s  indicates that the bears in the GSMNP 
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are general ly c repus cular . However , t ime o f  year had a 
s ign i fican t  e f fect on hourly activity (Month x Hour , Table 9 ,  
p .  7 5 ) . To obs erve thi s  e f fect more c learly , months were 
grouped into ieasons and lea s t  squares means ca lculated for 
each hour of each season rather than for each hour of each 
month . S easonal divis ions were made independent o f  the 
activi ty data , but were based on factors bel ieved to a f fect 
activity , name ly phenological deve lopment of food sources 
(Beeman and Pelton 1 9 7 7 ) , s easonal range shi fts ( Chapter IV) 
and breeding behavior . Spring was cons ide red to last from 
March unt i l  the end of May , summer ranged from June through 
September and fa l l  inc luded October , November and December . 
The mos t  dis tinct crepuscular rhythm was exhibited 
during the spring (Fig . 2 2 ) . Mos t  bears became active about 
3 0  min be fore sunr i s e  ( 0 5 0 0  EST)  and remained active 
for 3 - 4  hr . Activity then sharply decl ined and remained 
at a comparatively low leve l throughout mos t  of the day . 
At approximately 1 7 0 0 , activity aga in began to increas e .  
I t  reached a dai ly maximum between 1 8 0 0 - 2 0 0 0 , and then 
rapidly diminished within 3 0  min a fter suns et . With 
the exception o f  occas ional s l i ght head movements , total 
inactivity was observed throughout the night . 
> 
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Fi g .  2 2 .  Seasonal d i f fe rence s in the dai ly activi ty pattern . Lea s t  s quares 
me ans above 1 . 0 ,  as exhibi ted during the spring from 1 8 0 0 - 2 0 0 0 , are mathema t i c a l l y  
pos s ib l e  al though unrea l i s t i c . S u c h  value s  repre s en t  a n  extremely h i gh probab i l i ty 
o f  activity . CX> 0 
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During the summer , the early morn ing and early evening 
peak s in activity were le s s  pronounced although s t i l l  
d i s cernible . Nocturnal acti vi ty remained ve ry l imited , but 
the extent of act ivi ty in the middle of the day was more 
than twice that obse rved in the spring . The s ummer activi ty 
peaks , howeve r ,  appeared s l i ghtly be low the leve l achieved in 
the spring ; the morning peak also occurred approximate ly an 
hour later and the even ing peak approximately an hour earlier . 
Th i s  i s  surpr i s in g  s ince the sun r i s e s  ear l i e r  and sets 
l ater during the summer months . 
In the fall , black bears in the GSMNP exhib i ted a trend 
in c i rcadian activity which was furthe r mod i f ied from the 
s imp le crepus cular pattern of the spring . Two act ivity 
peaks pers i s ted , but the de gree of activity dur ing thes e  
peak periods was only two-thirds that observed during April 
and May . The leve l  o f  activity dur ing the middle o f  the 
day ( 1 0 0 0 - 1 5 0 0 ) , however , was virtual ly equivalent to the 
activity during the midday s lump in the spring . The ma j or 
d i f ference between the dai ly ac tivi ty pattern in the fa l l  
and that o f  the other 2 seasons was i n  the extent o f  
noc turnal activity . In the fal l , bears of both sexes we re as 
active during the mi ddle of the night as they were during the 
middle of the day . In fact , a s l ight activi ty peak was 
noticed at 2 4 0 0  pos s ibly indicating the tendency towards a 
trimoda l activity rhythm . Minimum act ivity occurred at 0 4 0 0 , 
but during thi s  hour 2 5  percent o f  the bears were s t i l l  
observed t o  b e  active o n  any given night . Ams trup and 
Beechum ( 1 9 7 6 ) also observed inc reased nocturnal activity 
o f  b lack bears in Idaho during the fal l .  Black bears in 
Alaska (Erick s on 1 9 6 5 )  and Minnesota ( Rogers 1 9 7 0 ) are 
principally nocturnal throughout the year , whi l e  in 
Washin gton b lack bears are chie fly diurnal ( Poelker and 
Hartwe l l  1 9 7 3 , Lindzey and Me slow 1 9 7 7 ) . 
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Seasonal and regional di fferences in the c ircadian 
rhythm may be influenced by the phys iological cond i tion of 
the bears , the abundance and nature o f  the food s upply and 
se asonal or re gional weather patterns . During the spring , 
bears are in a s tate o f  perpetual we i ght loss  ( Beeman 1 9 7 5 ) . 
I t  i s  not known whether thi s condition i s  caused by a l ack 
of avai lab i l i ty of nutritious foods or the inab i l i ty to 
e f ficiently d i ges t the ava i lable foods due to the phys io­
logical condi tion of the gas trointe s t inal tract a fter the 
long period of dormancy ( Beeman and Pe l ton 1 9 7 7 ) . The diet 
during thi s  period con s i s t s  o f  90 percent grasses  and other 
herbaceous material ( Beeman and Pelton 1 9 7 7 ) . I t  i s  
probable that the crepuscular activi ty pattern exhibi ted in 
the s pring repre sents an optimal foraging s trategy for bears 
on a low energy budget . 
During the s ummer months , berries and othe r nutri tious 
fruits are abundant and bears can a f ford to expend more 
8 3  
energy during the middle part o f  the day . Much o f  thi s  
energy may be utili zed i n  mating activities and i n  expan s ion 
o f  horne range ( p . 4 9 ) .  During thi s peri od , bear s need 
only to maintain their body we i ght a fter surviving the 
" negative foraging period " ( Poelker and Hartwe ll 1 9 7 3 : 1 1 6 )  
in the spring . 
I n  contras t ,  during the fal l  bears mus t  increase the i r  
body we ight i n  preparation for the winter . For thi s 
reason , foraging mus t  continue through the night . Un l ike 
the summer , the s taple food item in the fal l ( acorns ) i s  
r ather evenly dispersed throughout the range rather than 
concentrated in patche s . Bears in the summer may f ind a 
full day ' s  nutritional requirements in 1 berry patch , whi l e  
in the fal l  they mus t  continually move from place t o  pl ace 
looking for e nough food to satis fy the i r  needs . I t  wa s 
shown in the previous chapter ( Table 8 ,  p .  6 9 ) that increased 
nocturnal activity in the fal l  is a s soc iated with actua l 
movement and not merely restlessne s s . Whether bears can 
e f fic iently feed during the s e  nocturnal ramb l ings i s  unknown , 
but s ince the i r  rate o f  travel i s  in the s ame proportion 
to their hourly activity throughout the night and mos t  o f  
the day ( Fi g .  2 3 ) , i t  i s  suspec ted that they are occupied 
with the s ame mode of activity , namely foraging . The only 
part o f  the day which may not be invo lved exc lus ively with 
foraging i s  during the hours 1 2 0 0 - 1 4 0 0 . The leve l  o f  
8 4  
Fig . 2 3 . Ave rage hourly rate o f  trave l o f  black bears 
with respect to the leve l  of activity for each hour of the 
day durin g early and middle fal l ( 2  Oct- 4 Dec , 1 9 7 6  
and 1 9 7 7 ) . Values on the y-axi s correspond directly to 
expected d i s tance moved for an activity leve l of 1 0 0  percent . 
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activity i s  generally very low during thi s  pe riod ( Fi g . 2 0 , 
p .  7 2 , and Fi g .  2 2 , p .  8 0 ) , but those bear s  that are active 
are apparently concerned more with trave l in g  than with 
foraging ( Fig . 2 3 ) . I f ,  for examp le , a bear was act ive 
for the entire 1 2 0 0  hr ( 1 1 3 0 - 1 2 3 0 ) , it would be expected 
to move about 1 . 6  km . Thi s  i s  exactly the maximum trave l 
rate observed for bears in the GSMNP ( Table 8 ,  p .  6 9 ) .  
However , a bear which i s  active for a full hour during any 
o ther part of the day would be expected to move only about 
0 . 5  km. 
The above pattern of behavior was obs erved only 
in the fal l .  During the summer , expected movement for a 
ful l hour o f  activity averaged le s s  than 0 . 2 5 km and was 
relative ly con s i s tent throughout the active part of the 
day ( range 0 . 1 0 - 0 . 3 7 km) . Although bears were more active 
during the daylight hours of the s ummer than they were 
during the fa l l , they trave led l e s s  (p  < 0 . 0 1 )  per pe riod 
o f  activity . Thi s  explains why the observed hourly rates 
of travel were s imi lar for the summer and fal l  sea sons 
( Table 8 ,  p .  6 9 ) . 
E f fects o f  Weathe r 
In the s pring , bear s generally responded to increased 
tempe rature s with an increase in activity ( F i g .  2 4 ) . Thi s  
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F i g . 2 4 . Seasonal e f fects o f  temperature on the activi ty behavior o f  black 
bears in the GSMNP . oo � 
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appeared to s tabi l i z e . A direct relationship between 
temperature and activity was also obse rved in the summer . 
However , as temperatures c l imbed above 2 3  C ( approximate ly 
room temperature ) ,  activity tape red o f f . Higher tempe rature s 
may also cause decreas ed activity in the s pr ing , a lthough 
thi s could not be determined because the temperature rarely 
exceeded 2 6  C .  
In the fall , dimini shed leve l s  o f  activity were obs erved 
at tempe rature s above 2 0  C and be low fre e z ing . Between 
thi s  range , temperature had l ittle a f fect on act ivi ty . The 
apparent preoccupation wi th foraging during thi s  season may 
suppre s s  pre ferences for temperature much as it appears to 
e l iminate the concern for time of day ( p . 8 1  ) . I t  mus t  
b e  noted that time o f  day e f fects were adj us ted-for in thi s 
analys is so any di sparity between seasonal respon s e s  to 
temperature are due to factors other than mere d i f ferences 
in the c i rcadian rhythm . 
Cloud cover a lone had little e f fect on activity 
behavior ( Table 1 0 , p .  7 7 ) .  Because o f  the high den s i ty 
o f  vegetation in the study area , bears are se ldom exposed 
to direct s unl i ght . Othe r elements o f  the weather ,  whi ch 
are s trongly as soc iated with cloud cove r , s uch as humidity , 
barometric pres sure and precipitat ion , there fore have a 
greater in fluence on activity . 
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The relationship between activi ty and precipitat ion is 
somewhat obs cured by the interac tion of other factors s uch 
as temperature . Bears were less  active than norma l whi le 
i t  was raining ( p  < 0 . 0 5 ) , but more active than usual within 
3 hr a fter the rain s topped ( d i f ference not s i gni ficant 
at � = 0 . 0 5 )  ( Fi g . 2 5 ) . No longer term e f fects ( 3 - 2 4  h r )  
were observed from the rain . 
Snow had a depres s in g  influence on activity , although 
accumul at ion o f  snow apparently a f fects activity more than 
doe s the actual precipitation . Bear s were leas t active 
when there was over 2 em o f  s now on the ground , regard l e s s  
o f  whether or n o t  it was snowing . I t  may be that the 
s ub fre e z in g  temperature s had more to do with thi s  inactivity 
than did e i ther the s nowfall or accumulat ion o f  snow . 
Temperature was found to a f fect activity during the rain . 
Bears were more active during the rain at temperature s above 
2 5  C than at more moderate temperature s ,  whi l e  rain at 
temperature s b elow 7 C had a severe depress ing e f fect on 
activity . 
Sex , Age and Fami ly E f fects 
P l anned sets of l inear contra s t s  were used to tes t 
di fferences in activity patterns among d i f ferent sex and 
age groups and between females with and without cubs . In 
general , adult males were more active (p  < 0 . 0 5 )  than 
.8  -
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Fig . 2 5 . E f fects o f  precipitation on activity o f  black 
bears in the GSMNP . 
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s o l itary adul t  females . Subadult and year l in g  bears o f  both 
s e xe s  were more active (p < 0 . 0 1 )  than soli tary adults o f  
the i r  respective sex . Females with cubs were a l s o  cons iderably 
more active than sol i tary adults o f  both s exes ( p  < 0 . 0 1 ) , 
and appeared to be more active than mo s t  subadults  and 
yearlings ( a l though thi s contra s t  could not be tes ted ) . 
Using th i s  c ri teria , many o f  the adult females  with unknown 
reproductive h i s tories could be clas s i fied as s o l i tary or 
as having cubs depending on the pattern of act ivi ty they 
exhibited . Bear D2 , for example , is s trongly suspected of 
having had cubs with her during the per iod o f  time she 
was radio- tracked s ince her overa l l  leve l of activity was 
greater than that of any other bear in thi s s tudy with the 
exception of 1 adult female ( FS ) known to have cubs . 
S imi larly , the activi ty behavior o f  bear A2 8 suggests  that 
she had cubs with her during the fal l  of 1 9 7 6 . Her activity 
during th i s  period was almos t  twice the leve l she exhib i ted 
during the fal l  o f  the fol lowin g year (p < 0 . 0 0 0 1 ) . When 
she was captured in September 1 9 7 6 , her teats were enlarged 
al though no mi lk could be expre s s ed .  A s i ghting o f  a bear , 
bel i eved to be thi s  individual , with 3 cubs in the s pring 
of 1 9 7 8  lends s upport to the a s s umption that she also had 
cubs 2 years previous ly .  I n  contras t ,  the activity observed 
for bear 6 3 , the 11 year old femal e  which died during the 
c ours e  of thi s  s tudy ( p . 6 4 ) , indicates that she was mos t  
9 2 
l ikely soli tary . Wh i le certain bears in the population may 
not fol low the patterns e s tabli shed by the i r  re spec tive sex 
or age class , few o f  the individuals obs erved in this s tudy 
appeared to deviate radically from the i r  c l a s s  " norm . '' The 
3 mo st active bears inc luded 2 females with cubs ( as 
d i s cussed above ) and 1 s ubadult male (A3 0 ) , whi l e  the 3 
mos t  inactive bears were 2 dominant males ( A2 6 and A5 2 )  
and 1 soli tary female ( B l O ) . The 2 cubs tracked in thi s  
study were , a s  a group , s l i ghtly l e s s  active than adu l t  
females with cubs ; however , the death of the mother o f  1 
of the se cubs ( A4 3 )  may have had a depre s s in g  e f fect on 
its  activity . During the fall , thi s cub had a particularly 
sma l l  home range ( Table 3 ,  p .  4 7 )  at a relative ly h igh 
elevation ( Table A- 5 in the Appendix)  where oaks were not 
abundant . The fact that i t  removed its  radio-co l lar in 
November ,  a fter having worn i t  for a lmost 3 months , may 
indicate that it was los ing we i ght . 
When viewed on a s easonal bas i s , some o f  the overa l l  
relationships be tween the activity behavior o f  d i f ferent 
sex , age and fami ly c la s s e s  were somewhat altered ( Fig . 2 6 ) . 
In the spring , adult ma les were l e s s  act ive than any other 
group . Ams trup and Beechum ( 1 9 7 6 )  a l so noted this for 
black bears in I daho . S ince mo s t  adu lt females were 
trave l ing with cubs or year l ings during thi s  pe riod , the i r  
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S P R I N G S U M M E R  FA L L  
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F i g .  2 6 . Seasonal di fferences in activity behavior among 
di f fe rent sex and age groups , and between females with and 
without cub s . Mos t  females that were solitary in the summe r 
and fall probably had yearl ings with them during the spring . 
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behavior by the se young bears evidently stimulates activity , 
a lthough not nece s s ari ly actual movement , by the mo the r .  
Alt et al . ( 1 9 7 6 ) and Roger s  ( 1 9 7 7 )  noted very l imi ted 
movement by females with cubs throughout the sprin g . I n  
the GSMNP , a l l  c lasses  o f  bears showed a high degree o f  
activity in the s ummer , whi le activity dimini shed i n  the 
fal l  for al l groups except females with cubs . 
CHAPTER VI 
CONCLUS IONS 
Many b lack bears radio-tracked in the GSMNP from 1 9 7 6 -
1 9 7 7  displayed horne ranges with abrupt s easonal change s . 
Horne ranges were categori z ed by the i r  magn itude o f  seasonal 
change . Movement of 3 0  day activity centers , overlap o f  
range boundaries and relation ship o f  9 5  percent confidence 
regions around the seasonal range were used to de fine 4 
bas ic types o f  range s . 
S imi larities in range dynamic s  were obs erved among 
bears trapped with in the s ame section of the s tudy area . 
Thi s  may be explained by characte r i s t i c s  o f  the habitat 
within each section , low genetic var i ab i l ity among bears 
o f  a parti cular section and transmis s ion of information 
from a fema le to her o f fspring . One young bear was observed 
to uti l i z e  the s ame seasonal ranges whi le with its mo ther 
and when s o l i tary . 
Twenty-three of 2 9  observed home range s exhibited a 
distinct s umme r- fall s eparation . Th i s  separation was more 
preva lent for males than females , and more extens ive for 
s ubadults and yearl ings than adult s .  The timing o f  the fal l 
ran ge shi ft was a l so influenced by sex and age . Males 
genera l ly entered the fall range earlier and departed the 
f a l l  range later than female s .  Yearling bears o f  each sex 
9 5  
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were the first  to return to the spring/summer range , poss ibly 
enabling them sufficient time to find a den . 
Year to year changes in the extent and timing of the 
fal l ran ge shift are probably due to food ava i l ab i l ity . 
Bears trave led more widely in the fall of 1 9 7 3  when food was 
s carce than they did in 1 9 7 6  and 1 9 7 7  when acorns were 
abundant . Thi s ,  coupled with the obs e rvance o f  s i gni ficant ly 
more oaks in the fall ran ge s than in the s pring or summer 
ran ges indicate that f a l l  movements are in re spons e  to oak 
mas t .  Bears pre ferred wh ite oak over red oaks , and red 
oaks over ches tnut oak . Fal l range s of ma les contained 
more white oaks and red oaks than those of females , whi le 
females that travel ed extens ive ly in the fall secured 
range s with more red oaks , than did more sedentary females . 
An elevational dec line in the range ac tivity c enters from 
s ummer to fall re flects the movement of bears into areas 
of abundant oak s . 
Competition for prime oak areas may be severe . One 
pr ime are a was bel ieved to be occupied almo s t  exclus ively 
by males . A female that attempted to e s tablish a range 
in th i s  area quickly returned to her spring/summer range 
and died 2 weeks later , po s s ibly of in j uries resulting from 
aggres s ive interactions . Overlap of ma le ranges in thi s  
area was cons iderabl e , b u t  s trong mutual avo idance wa s 
noted . Dominant ma les occupied ranges within this area that 
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contained a higher propo rtion o f  white and red oaks than were 
found in the range s o f  s ubordinate mal e s . Soc i a l  p res sures 
during poor mas t  years may drive many subordinate ma les 
out s i de the boundaries o f  the Park in search for food . 
Because the fa l l  ranges o f  fema l e s  are more di spersed , they 
may be les s radically a f fected by a mas t  shortage . 
Horne range s i ze was calculated as the area o f  the 
sma l le s t  region which can account for at leas t 9 5  percent 
of a bear ' s  uti l i z at ion of its habitat . Although thi s 
are a may be large r  than that actual ly used by the anima l , 
i t  repre sents a more valid index by which range s i zes can 
be compared than does the area of the minimum or convex 
polygon . Ma les were found to have larger s pring/summer , 
fall and annual range s than females . Mean annual range s i z e  
2 2 was 4 2  krn for adult mal e s  and 1 5  krn for adult females . 
Range s i z e  d id not di ffer from season to season for e i ther 
sex , with the pos s ible exception of d i screte spring range s 
which appe ared more restricted . Summe r range s were 
geograph i c a l ly s tabl e  from year to yea r ; d i s p lacement o f  
the s ummer activity center over 2 or more years was 
con s i derably les s  than the disp lacement that occurred 
s easonally in 1 year . Thi s  s tre s s e s  the need for year- round 
tracking in order to obtain use ful e s timate s of horne range 
s i ze . 
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Diel movements were mon i tored on a periodic bas i s  
from 2 fixed 8 - e lement mas t  antenna s . Males trave led over 
a l arger area during a day than did fema les , however the i r  
trave l routes were usual ly more c i rcuitous espec i a l ly in the 
f a l l  when social p res sures may have hampered the i r  movements . 
Sea sonal ly , the average hourly rate o f  trave l between the 
hours 0 6 0 0 - 2 2 0 0  remained vi rtua l ly cons tant for each s ex .  
However , nocturnal movements were much more p reva lent in 
the fa l l .  Thi s  trend towards nocturnal activity during the 
fal l  was a l s o  noted through the analys i s  of activity data 
derived from the interpretation of the radio s i gnal . 
Spec ial i z ed motion-sen s i tive tran smitters were used on 2 6  
o f  the 2 9  bears radio-co l lared in th i s  s tudy . Act ivity 
determined by thi s technique proved to be more sensi tive 
to extremely locali zed movement than activi ty measured by 
the distance between succe s s ive hourly location s . 
Bears in the GSMNP exh ibited a tendency towards 
crepuscular activity behavior , al though mating activity and 
changes in the abundance and nature o f  the food s upply 
modi fied thi s pattern s easonally . The mos t  dis tinct 
c repus cular rhythm was observed in the spring when expendabl e  
energy was l imited b y  a lack of nutrit ious food . Bears 
were found more active and more diurnal during the summe r 
when berries we re abundant . The leve l  o f  activity reached 
a peak during the June-July breeding season . Nocturnal 
activity during the fall i s  probably a ss oc i a ted with 
increased foraging in preparation for denning . Females 
with cubs were equa l ly acti ve throughout the year and were 
more active than any other s ex-age group . Subadu l t  and 
year l ing bears were more active than s o l itary adults o f  
the i r  respective sex . 
Weather factors also a f fected activity . Temperature s 
above 2 5  C and be low free z in g  apparently depres sed the 
level of activity . Rainfa l l  also dec reased activity , but 
bears appeared more active than normal j us t  a fter the 
rain s topped . Tempe rature and precipitation together 
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may have the greates t  weather related influence on activity . 
S ub freez ing temperatures with accumulated snow reduced 
activity cons iderably , and may indeed be a s timulus to den . 
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C l a s s i fied by 
Go lden ( 1 9 7 4 )  
Yel low poplar 









Yel low b i rch 
Tab le A- 1 . Fore s t  type s  i n  t h e  GSMNP . a 
Cla s s i f ied by 
Cain ( 1 9 3 5 )  
Yel low poplar­
Old field 
Sugar map l e ­
S i lverb e l l  
Buckeye-Bas swood 
Mixed cove hardwoods 
Hemlock-
Ye l low poplar 
Hemlock-Beech 
Hemlock r idge 
Y e l l ow b i rch­
Rhododendron 
Red spruce 
C l a s s i fied by 
Whi ttaker ( 1 9 5 6 )  
Cove hardwoods 
Hemlock 
Red s pruce 
Cla s s i f i ed by 
Shank s ( l 9 5 4 a ) 
Cove hardwoods 
Hemlock 
Tab l e  A- 1 ( Continue d )  
Clas s i f ied by 
Golden ( 1 9 7 4 )  
Beech 
Red o ak 
Red mapl e - Red oak 
Red maple­
Sweet b irch 
Che s tnut oak 
C la s s i f ied by 
Cain ( 1 9 3 5 )  
Beech 
Oak ridge 
Oak- Che s tnut 
Che s tnut oak­
Ye l l ow poplar 
Che s tnut oak 
Oak- Pine Oak - P ine 
Tabl e  mountain pine Pine-Heath 
-Pi tc h  Pine 
Tab le mountain pine 
Cla s s i fied by 
Whi t taker ( 1 9 5 6 )  
Gray Beech 
Red oak-Che s tnut 
Che s tnut oak­
Ches tnut 
Che s tnut oak­
Ches tnut-Heath 
P i tch pine-Heath 
Tab l e  mountain p ine­
Heath 
a Adapted from a tab l e  pre sented by Golden ( 1 9 7 4 ) . 
C la s s i fied by 
Shank s ( 1 9 5 4 a )  





Tab l e  A- 2 .  B l a c k  bears radio - t racked i n  the G SMNP , 
Age 
dur i n g  
Bear t r a c k i n g  Re produc t i ve Capture locat ion 
no . Nar.te Sex period s ta tu s / f ami ly a wh en rad i o - c o l lared 
A9 Hi lma F 2 - 3  imma ture 1 . 2  km e a s t  o f  Bee 
Cove Ck . on c ro s s -
over tra i l  
6 0 0  m above S andy 
Gap on Bote Mt . Rd . 
A l l  M 5 mature 1 km e a s t  of B e e  
Cove Ck . on C/O 
tra i l  
i'\2 6 Double M 7 - 8  dominant Sandy Gap on BMR 
red 
A2 8 Judy F 9 - 1 0  rr.a tu.::-e /  l k m  e a s t  o f  Bee 
s o l itary a f ter Cove Ck . on C/O 
surr.me .::- 1 9 7 7 , tra i l 
unknmvn be fore 
A2 9 C h r i s tine F 1 - 2  immature 2 0 0  m e a s t  o f  BMR 
on C/0 t:.. a i l  
A3 0 Hu g s y  M 1- 2 i m."Tlature 1 . 6  km e a s t  o f  
BMR o n  C/0 t r a i l 
]1.4 0 B a .::-aey M cub w i th mo ther 6 0 0  m above S andy 
Gap on BMR 
1 9 7 6 - 1 9 7 7 . 
Period 
of t ime 
tracked 
1 2  S e p  7 6 -
- 2 3 Dec 7 7  
never 
located 
2 0  Aug 7 6 -
2 2  S e p  7 7  
6 S e p  7 6 -
2 3  D e c  7 7  
9 S e p  7 6 -
1 2  Nov 7 7  
1 2  S e p  7 6 -
1 4  Dec 7 7  
2 S e p  7 7 -
2 7  Nov 7 7  
Transmi t te r : 
frequency/ 
s t atusb 
c h anged 
1 5 0 . 9 6 1 / 
f unctional 
K i l l e d  i n  
l e g a l  hunt 
1 5 0 . 8 6 5 /  
unknown 
1 5 1 . 0 3 0 / 
funct iona l 
K i l l e d  i n  
l e g a l  hun t 
Poached out-
s i de P a rk 
Poached from 
within s tudy 





Bear track ing 
no . Name S e x  period 
A4 2 Newt H 2 
A4 3 Boo Boo M cub 
A4 4 Paula F 1 0  
A4 5 Stumpy F 8 
A4 7 Oscar M 2 
A5 0 B runo M 5 
A5 2 Fred M 7 
A5 3 S coop N 3 
B l O  O l i v i a  F 6 
Tab l e  A- 2 ( Continue d )  
Reproduc t i ve Capture l o c a t ion 
s ta t u s / f amily
a 
when rad i o - c o l lared 
i rn.'Tia ture 2 . 7  km up BNR at 
9 0 °  turn 
w i th 2 s i b l ings C o l d  Wat e r  Knob 
( mother d i e d )  
mature/with S andy Gap on BMR 
cubs 
mature/s o l i tary 6 0 0  m above S a n dy 
( p r e gnan t )  Gap o n  m1R 
immature 4 km up mm 
dominant Cold Ha t e r  Knob 
dominant Sandy Gap on B�R 
irn.rna ture 2 . 7  k:m up BMR at 
9 0 ° turn 
mature/ 2 0 0  m W .  o f  bridge 
s o l i t ary above Trer.�ont 
P e r iod 
of t ir;,e 
tracked 
2 Se;:- 7 7 -
2 3  Dec 7 7  
2 S e p  7 7 -
2 6  t'-IOV 7 7  
4 S e p  7 7 -
2 3  Dec 7 7  
l l  Sep 7 7 -
2 3 Dec 7 7  
2 1  S e p  7 7 -
2 3  Dec 7 7  
2 2  S e p  7 7 -
2 3  D e c  7 7  
2 3  S e p  7 7 -
2 3  D e c  7 7  
2 7  S e p  7 7 -
2 3  D e c  7 7  
2 1  Ju l 7 7 -
2 2  D e c  7 7  
Trar;. s rr.i � t e r : 
f requency/ 
s tatus b 
1 5 0 . 8 9 2 /  
f ui1 c t i c n a l  
:!: e r-Jo•\;e C  b y  
bec. r  
1 5 0 . 9 3 3 /  
func t ional 
1 5 1 . 1 4 7 /  
fu:: c t i ;.:; n a l c 
1 5 1 .  2 0 S / 
fun c tional 
1 5 1 . 0 1 0 /  
fu:1 c t i on a l  
1 5 0 . 9 9 5 / 
func t i o n a l  
1 5 0 . 9 0 4 / 
fun c t ion a l  
1 5 0 . 8 7 3 / 




Tab l e  A- 2 (Continue d ) 
Age 
during P e r i o d  Tran smitte r : 
B e ar tra cking Reproductive Capture location of t ime f requency/ 
no . Narete Sex period s ta tu s / fami l ya when rad io-co l l a�ed tracked s tatusb 
B l·2 S t i tches H 4 mature 1 0 0  � up Lon g  Br . 2 7  Jul 7 7 - 1 5 0 . 9 8 6 /  
from Defeat Ridge 22 Dec 7 7  func t ional 
t ra i l  
B l 8  Hu f f e t  F 1 immature/ 3 0 0  m W .  o f  b r i d ge 1 8  Har 7 7 - non f un c t i on-
daughter o f  above Tremont 22 Jun 7 7  a l : changed 
bear 8 9  
2 0 0  m W .  o f  bridge 3 Aug 7 7 - 1 5 0 . 9 6 0 / 
above Tremont 22 Dec 7 7  fun c t i o na l , 
a c t ivity mon -
i t o r  ma l func -
t i oned 
C l 4  Jecke l H 5 - 6  domi nant Andy McCu l l y  ridge 7 S e p  7 6 - 1 5 0 . 9 1 4 /  
on Rabb i t  Ck . Rd . 2 2  Dec 7 7  f un c t iona l ,  
activity mon -
i t o r  ma l f un c -
t i oned 
D2 F 9 mature/ Ridge top of Bent 19 Aug 7 6 - 1 5 0 . 9 5 3/ 
unknown Arm 17 Dec 7 6  unknown 
D l 6  Far..n i e  F 8 ma ture/ 4 0 0  m up Bent Arm 5 Jul 7 7 - 1 5 1 . 1 3 0 /  
unknown 2 S ep 7 7  unknownc 
E7 Mar i anne F 1 4  mature / s o l itary 4 0 0  m u p  Bunke r  4 Ju l 7 7 - 1 5 0 . 8 4 9 /  
( p regnan t )  H i l l  2 1  D e c  7 7  f un c t ional c 
t-' 
I-' N 
3E;ar L\0 . 
F 5  
H l  
6 1  
6 3  
6 4  
6 5  
8 9  
Tab l e  A- 2 ( Cont inue d )  
Age 
du::- i n g  Period Tran smi tter : 
trac:-c in g  Re produc t ive a Capture location o f  t ime f requegcy/ 
N:s.rr:e S e x  period s tatu s / fami ly when rad io-co l l ared tracked s t atus 
H a i r  l i p  F 7 - 8  mature / s o l i ta ry 1 . 3  km above H u s ky 2 3  Oct 7 6 - 1 5 1 . 0 6 0 / 
1 9 7 6 , w i th Gap on S ug�r land Mt . 2 0  Dec 7 7  fun c t i on a l  
cubs 1 9 7 7  
Debby F 8 ma ture/so l i tary l km e a s t  o f  Bee 4 S e p  7 7 - 1 5 1 . 1 2 5 /  
( pre gnant )  Cove Ck . on C/O 2 3  Dec 7 7  fun c t ional 
t ra i l  
Hyde N 7 ma ture BMR 2 1  Apr 7 7 - 1 5 0 . 9 1 4 /  
2 1  Nay 7 7  unknown 
F l l  mature/unknown 2 . 7  km up BMR 2 9  Jul 7 6 - D ie d  o f  natu-
2 4  Nov 7 6  ra l caus e s  
F 1 6  mature /unknown 4 km up BMR 2 7  Jul 7 6 - 1 5 0 . 9 6 4 / 
2 4  S e p  7 6  unknm.,rn 
N 6 mature S andy Gap on BMR 2 7  Jul 7 6 - 1 5 1 . 0 6 8 / 
3 1  Dec 7 6  unknown 
Poco F 1 3 - 1 4  mature/w i th Jet Green Camp 2 3  Jul 7 6 - 1 5 0 . 9 2 7 / 
cubs in 1 9 7 6  Gap ana iJ RT 1 3  May 7 7  unknown 
aMa l e  bears ove r 4 years o l d  and greater than 8 0  k g  were c on s i dered dominan t . 
b
S t atus as o f  the termina t i on o f  f i e l d  work i n  D e c embe r  1 9 7 7 . 
c
Tran s mitter r.-;ithout an a c t i vi t y  mon i to r .  1-' 1-' w 
1 1 4  
Table A- 3 .  Catego r i z a t ion of home ranges for b � u r· s  rudi o - t :rackcd 
in the GSI-lt� P , 1 9 7 6 - 1 9 7 7 .  
=-=:==-=:-:---=--�-===-=-��--===-=-::::.==�=--=��=--�--=-==----=-=.c;;:--=-..--:-:.:: ;::-�-;-�-=--=-- �="=-.::::==�.:=�-::=---�-= 
'l'y pe Type Ty!)(2 'Type Type 'Type 
Bear No . Yr . I I I  I I I-a I l i-b I I I -c IV 
Fema l e s  
l\ 9 __
__ 
7 6  X 0 A9 7 7  X 
A2 8 7 6  X 0 
A2 8 7 7  X X A2 9 7 6  X 0 A2 9  7 7  X 
A4 0a 7 7  X 0 
A4 4 7 7  X 0 
1\4 5 7 7  X 
B l O  7 7  X 
B l 8  7 7  X 
D2 7 6  X X 0 
0 1 6  7 7  X 0 E7  7 7  X 0 
FS 7 7  X 
H l  7 7  X 0 
6 3  7 6  X 0 
8 9 7 6  X 
subtot/ 3719 2719 l/19 7/1 9 6/T9 178 
tot . obs . 
Hales 
A2 6 7 6  X 0 
A2 6 7 7  0 0 0 X 
A 3 0  7 6  X 0 
A 3 0  7 7  X X 
A4 2 7 7  X 0 
A4 7 7 7  X 0 
A5 0 7 7  X 0 
A5 2 7 7  X 0 
A5 3 7 7  X 0 
B l 2  7 7  X 0 
C l 4  7 7  X 
6 5  7 6  X 0 
s ubtot/ 0/IT 0/11 0/l l 7711 4 ; 1 1  2/3 
tot . obs . 
tot/ 3/ 3 0  2 / 3 0  1/30  1 4 / 3 0  1 0 /3 0 3 / l l  
to t .  obs . 
X indicates type o f  home range , 0 indicates i n formation unknown . 
aCub wi th i t s  mothe r  repre s ents movements o f  an adul t  fema l e . 
NOTE : Portion s o f  th i s  table are i n fe rreJ u s in g  radio- loca t i on s  
or trapping locations obta ined previous t o  and/or subs equent to t h i s  
s tudy , as sumi n g  r e l a t ive geo graph i c a l  s tabi l i ty o £  a spring/s ummer 
range ( pp . 4 9 - 5 0 ) .  
1 1 5  
Table A- 4 .  Dates o f  s easonal range shifts for b lack bears 
in the GSMNP , 1 9 7 6 - 1 9 7 7 . 
Bear no . Departure from Departure from Departure f rom 
( y r )  spring range summer range fall range 
A9 ( 7 6 )  1 0 - 2 3  Oct 1 2 - 1 5  Dec 
A9 ( 7 7 )  - - - - - - 1 0 - 1 4  Oct 9 - 1 6  Dec 
A2 6 ( 7 6 ) 1 2 - 1 3  S ep 2 4 - 2 7 Dec 
A2 6 ( 7 7 )  1 3 - 2 0  Jun 
A2 8 ( 7 6 )  1 2 - 1 7  Oct · 4 - 8  Dec 
A2 8 ( 7 7 )  1 1 - 1 6  May 1 9 - 2 9 Aug 6 Nov-1 Dec 
A2 9 ( 7 6 )  be fore 8 Sep 5 - 1 0  Nov 
A2 9 ( 7 7 )  - - ---- 1 9 - 2 7 Oc t 
A3 0 ( 7 6 )  1 3 - 1 9  Sep 2 4  Nov- 4 Dec 
A3 0 ( 7 7 )  1 0 - 1 3  Jun 1 1  Sep-2 2  Sep 
A4 0 3 0  Sep-4  Oct 
A4 2 1 5 - 2 1  Oct about 2 3  Dec 
A4 3 be fore l Sep 
A4 4 be fore 3 Sep 2 0 - 2 3  Dec 
A4 7 4 - 1 4  Oct l l - 1 6  Dec 
A5 0 1 5 - 2 1 Oc t 2 0 - 2 3  Dec 
A5 2 be fore 3 0  Sep a fter 23 Dec 
A5 3 be fore 2 4  Sep a fter 2 3  Dec 
B 1 2  2 7  Oct- 6 Nov a fter 2 2  Dec 
B l 8  - - - --- l l - 1 5  Oc t 1 0 - 1 5  Nov 
C l 4  ( 7 6 )  before 2 4  Aug 
C l 4  ( 7 7 )  - - -- - - 1 1- 2 2  Aug 
D 2  be fore 1 9  Aug 9 - 1 2  Dec 
1 7 - 2 1  Octa 4 - 8 ·  Dec a 
D l 6  before 19 Aug 
Hl 30  Sep- 4 Oct l - 3  Dec 
6 3  1 2 - 2 1  Oct 1 0  Nov 
6 5  1 3  Sep 2 4 - 2 7  Dec 
a Se condary fall ran ge shift . 
- - - - - - I nd i screte range . 
1 1 6  
Table A- 5 .  Elevation o f  seasonal ran ge activity centers 
(m) for bears radio-tracked in the GSMNP , 1 9 7 6 -
1 9 7 7 . 
Bear no . (yr ) Spring range Summe r range Fal l range 
Bote Mt . area 
Females 
A9 ( 7 6 ) 9 4 0  7 4 0  
A9 ( 7 7 )  1 1 3 0  7 6 0  
A2 8 ( 7 6 )  9 3 0  
A2 8 ( 7 7 )  1 2 0 0  9 6 0  8 7 0  
A2 9 ( 7 6 - 7 7 )  1 3 5 0  1 1 6 0  
A4 0 a 9 8 0  7 1 0  
A4 3 a 1 1 3 0  
A4 4 7 2 0  
D2 1 4 0 0  7 6 0  5 6 0  
H l  1 1 1 0  7 3 0  
6 3  7 4 0  5 6 0  
6 4  7 8 0  
s ubavg . 9 7 0  7 9 0  
( S D )  ( 1 9 0 ) ( 2 0 6 )  
Males 
A2 6 ( 7 6 - 7 7 )  1 1 0 0  6 9 0  
A4 2 7 7 0  5 4 0  
A4 7 7 8 0  5 5 0  
A5 0 1 0 6 0  5 7 0  
A5 2 5 9 0  
A 3 0  ( 7 6 )  1 3 5 0  7 6 0  
A 3 0  ( 7 7 ) 1 4 9 0  12 8 0  4 3 0  
6 5  6 9 0  6 2 0  
s ubavg . 9 9 0  5 9 0  
( SD )  ( 2  8 3 )  ( 1 0 0 )  
Bote Mt . 
area avg . 1 3 0 0  9 8 0  7 0 0  
( S D )  ( 1 7 9 ) ( 2  2 0 )  ( 1 9 3 )  
Other areas 
A5 3 7 9 0  
B l 2  1 0 1 0  7 1 0  
B l 8  6 2 0  5 9 0  
8 9  6 9 0  
C l 4  8 8 0  6 1 0  
aCub repre senting an adult female ; although the mother of 
A4 3 died in Septembe r ,  her movements unt i l  th i s  time undoubted-
ly had a s ubs tantial in fluence on the c ub ' s fa l l  range . 
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